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(54) Toner, toner production process, and image forming method 

(57) A toner for use in development of electrostatic latent images is disclosed. The toner has toner particles con- 
taining a binder resin, a colorant, a wax and a compound of Formula (A): 
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wherein R, and R 4 each represent a substituted or unsubstituted aromatic group, inclusive of a condensed ring; R2 
and R 3 each represent a hydrogen atom, an alkyl group, a substituted or unsubstituted aromatic group, inclusive of a 
condensed ring; M represents an element selected from B, Ti, Fe, Co, Cr, Al and Ni; and X n + represents a cation. The 
toner has the shape factors SF-1 and SF-2 with the specified range. Further, disclosed are a process for producing 
the toner and an image forming method using the toner. 
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Description 



BACKGROUND OF THE INVENTION 
s Field of the invention 

[0001] This invention relates to a toner and an image forming method which are used in recording processes such 
as electrophotography, electrostatic recording, magnetic recording and toner-jet recording. More particularly, the 
present invention relates to a toner and an image forming method which are used in copying machines, printers and 
io facsimile machines in which toner images are previously formed on an electrostatic latent image bearing member and 
thereafter transferred onto transfer mediums to form images. The present invention also provides a process for pro- 
ducing the toner. 

Related Background Art 



[0002] A number of methods are known as electrophotography. In general, final images are obtained by forming an 
electrostatic latent image on a photosensitive member by utilizing a photoconductive material and by various means, 
subsequently developing the latent image by the use of a toner to form a toner image as a visible image, transferring 
the toner image to a transfer medium, and then fixing to the transfer medium the toner image formed thereon, by 

20 heating and/or pressing. 

[0003] As methods by which the electrostatic latent image is formed into a visible image, developing methods such 
as cascade development, magnetic brush development and pressure development are known in the art. Another meth- 
od is also known in which, using a magnetic toner and using a rotary sleeve provided with a magnet at the core, the 
magnetic toner is caused to fly across the sleeve and a photosensitive member by the aid of an electric field. 

25 [0004] One-component development systems require no carrier such as glass beads or iron powder required in two- 
component development systems, and hence can make developing assemblies themselves small-sized and light- 
weight. Also, since in the two-component development systems the concentration of toner in carrier must be kept 
constant, a device for detecting toner concentration so as to supply the toner in the desired quantity is required, resulting 
in a large size and weight for the developing assemblies. In the one-component development system, such a device 

30 is not required, and hence the developing assemblies can also be made small and light as being preferable. 

[0005] As printers, LED printers or LBP printers are prevailing in the recent market. As a trend of techniques, there 
is a tendency toward higher resolution. More specifically, those which hitherto have a resolution of 300 or 600 dpi are 
being replaced by those having a resolution of 1,200 or 2,400 dpi. Accordingly, with such a trend, the developing 
systems are now required to achieve a high minuteness. Copying machines have also progressed to have higher 

35 functions, and hence they trend toward digital systems. In this trend, chiefly employed is a method in which electrostatic 
latent images are formed by using a laser. Hence, the copying machines also trend toward a high resolution and, like 
the printers, it has been sought to provide a developing system with higher resolution and higher minuteness. 
[0006] Accordingly, in order to meet such a demand, a specific charge control agent is added so that the desired 
triboelectric chargeability can be imparted to toner particles. Charge control agents nowadays known in the present 

40 technical field include, as those for controlling negative triboelectric chargeability, metal complex salts of monoazo 
dyes, metal complex salts of hydroxycarboxylic acids, dicarboxylic acids and aromatic diols, and resins containing acid 
components. As those for controlling positive triboelectric chargeability, they are known to include nigrosine dyes, azine 
dyes, triphenylmethane dyes, quaternary ammonium salts, and polymers having quaternary ammonium salts in the 
side chains. 

45 [0007] Proposals have ever been made in regard to toners containing metal compounds of oxycarboxylic acids. For 
example, Japanese Patent Application Laid-Open No. 2-221967 discloses a toner containing a metal complex salt of 
an oxycarboxylic acid having an aromatic ring. Japanese Patent Application Laid-Open No. 5-61257 discloses a toner 
comprising a toner precursor in which a boron compound of an oxycarboxylic acid has been embedded. Japanese 
Patent Application Laid-Open Nos. 3-39973 and 5-7281 2 discloses a toner containing a boron complex salt of benzilic 

50 acid. Japanese Patent Application Laid-Open No. 5-165257 discloses a color toner containing a boron complex salt 
of benzilic acid and an inorganic fine powder subjected to hydrophobic-treatment with silicone oil. Japanese Patent 
Application Laid-Open No. 6-301240 discloses a color toner containing a benzilic acid metal complex salt having an 
amide as a counter ion. These toners were improved in their charging rate to a certain extent. However, these have 
such disadvantages that a sufficient quantity of triboelectricity cannot be imparted to the toner. 

5S [0008] In order to eliminate such a problem, Japanese Patent Application Laid-Open No. 1 0-90946 discloses a toner 
comprising toner particles in which a charge control agent such as a boron complex salt of benzilic acid has been 
added and fixed without being dried. Japanese Patent Application Laid-Open No. 1 0-31 2089 also discloses a toner 
using a boron complex salt of benzilic acid and a metal salt of a salicylic acid derivative in combination. According to 
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studies of the present inventors : these toner can achieve an improvement in the quantity of triboelectricity and the 
charging rate to a certain extent. However, in the former case a complicated production process is required, and in the 
latter case the use of a boron complex salt of benzilic acid and a metal salt of a salicylic acid derivative in combination 
' results in inclusion of charge control agents presenting different triboelectric series. Thus, there has been room for 
5 further improvement in regard to triboelectric charge quantity distribution. Also, in the above toners, further reseaches 
have been required for matching themselves to image forming apparatus. 

SUMMARY OF THE INVENTION 

w [0009] An object of the present invention is to provide a toner and an image forming method which have solved the 
problems the prior art has had. 

[0010] More specifically, an object of the present invention is to provide a toner and an image forming method which 
are superior in transfer performance and less in transfer residual toner. 

[0011] Another object of the present invention is to provide a toner and an image forming method which do not 
is adversely affect the photosensitive member or intermediate transfer member, may less cause image deterioration such 
as fog and are highly applicable to electrophotographic processes. 

[0012] Still another object of the present invention is to provide a toner and an image forming method which are used 
for an electrostatic latent image bearing member having good releasability and slip properties, retaining such functions 
over a long period of time and less undergoing photosensitive member scrape even after printing many sheets to enjoy 
20 a long service life. 

[0013] A further object of the present invention is to provide a toner and an image forming method which do not 
cause any abnormal charging or faulty images due to contamination of a member coming into pressure contact with 
an electrostatic latent image bearing member, or can restrain such a phenomenon from occurring, and are well match- 
able to image forming apparatus. 
25 [0014] A still further object of the present invention is to provide a toner and an image forming method in which the 
performance of uniformly coating toner on a toner carrying member is enhanced. 

[001 5] To achieve the above objects, the present invention provides a toner comprising toner particles containing at 
least a binder resin, a wax and a compound represented by Formula (A); 

the toner having shape factors SF-1 and SF-2 with a value of 1 00 < SF-1 £ 1 60 and a value of 1 00 < SF-2 <£ 1 40. 
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Formula (A) 
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wherein and R 4 each represent a substituted or unsubstituted aromatic group, inclusive of a condensed ring; R2 
and R 3 each represent a hydrogen atom, an alkyl group, a substituted or unsubstituted aromatic group, inclusive of a 
condensed ring; M represents an element selected from B, Ti, Fe, Co, Cr, Al and Ni; and X n+ represents a cation. 
45 [0016] The present invention also provides a process for producing a toner, comprising; 

a granulation step of dispersing in an aqueous medium a polymerizable monomer composition containing at least 
a polymerizable monomer, a colorant, a wax, a polymerization initiator and a compound represented by Formula 
(A), to form particles of the polymerizable monomer composition; and 
so a polymerization step of polymerizing the polymerizable monomer present in the particles of the polymerizable 

monomer composition to form toner particles; 

the polymerization reaction of the polymerizable monomer from the granulation step to the polymerization step 
being carried out while keeping the pH of the aqueous medium at 4.5 to 8.5, until the polymerization conversion 
of the polymerizable monomer comes to be 1 0% or more; and 
55 the toner having shape factors SF-1 and SF-2 with a value of 100 < SF-1 <> 160 and a value of 100 < SF-2 £ 140. 
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wherein R, and R 4 each represent a substituted or unsubstituted aromatic group, Inclusive of a condensed ring; 
R 2 and R 3 each represent a hydrogen atom, an alkyl group, a substituted or unsubstituted aromatic group, inclusive 
of acondensed ring; M represents an element selectedfrom B, Ti, Fe, Co, Cr, Aland Ni; and X th - represents a cation. 

[0017] The present invention still also provides an image forming method comprising; 

a charging step of applying a voltage to a charging member from the outside to charge an electrostatic latent image 
bearing member; 

a latent image forming step of forming an electrostatic latent image on the electrostatic latent image bearing mem- 
ber thus charged; 

a developing step of developing the electrostatic latent image by the use of a toner to from a toner image on the 
electrostatic latent image bearing member; 

a transfer step of transferring the toner image formed on the electrostatic latent image bearing member, to a transfer 
medium with or without intervention of an intermediate transfer member; and 
a fixing step of heat-fixing the toner image transferred to the transfer medium; 



30 



wherein the toner comprises toner particles containing at least a binder resin, a wax and a compound represented 
by Formula (A); and the toner has shape factors SF-1 and SF-2 with a value of 100 < SF-1 £ 160 and a value of 100 
<SF-2^140. 
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wherein R 1 and R 4 each represent a substituted or unsubstituted aromatic group, inclusive of a condensed ring; Rg 
and R 3 each represent a hydrogen atom, an alkyl group, a substituted or unsubstituted aromatic group, inclusive of a 
condensed ring; M represents an element selected from B, Ti, Fe, Co, Cr, Al and Ni; and X n + represents a cation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Fig. 1 shows an example of a gas chromatogram of an ester wax. 

[0019] Fig. 2 is a schematic illustration of an image forming apparatus suited for the present invention. 
[0020] Fig. 3 is an enlarged transverse cross -sectional view of the main part of a developing assembly for a two- 
component developer used in Examples of the present invention. 

[0021] Fig. 4 is an enlarged transverse cross-sectional view of the main part of a developing assembly for a one- 
component developer used in Examples of the present invention. 

[0022] Fig. 5 is an exploded perspective view of the main part of a fixing assembly used in Examples of the present 
invention. 

[0023] Fig. 6 is an enlarged transverse cross-sectional view of the main part showing how a film stands when a fixing 
assembly used in Examples of the present invention is not driven. 
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[0024] Fig. 7 is a diagrammatic illustration of an image forming method employing a contact one-component devel- 
oping assembly, used in Examples as an examples of the image forming method of the present invention. 
[0025] Fig. 8 is a diagrammatic illustration of an image forming method employing a contact one-component devel- 
opirfg assembly, used as another example of the image forming method of the present invention. 
[0026] Fig. 9 is an enlarged cross-sectional view of a developing assembly of the image forming apparatus shown 
in Figs. 7 and 8. 

[0027] Fig. 10 is a schematic illustration of an image forming apparatus which reuses untransf erred toner. 
[0028] Figs. 11 A and 11 B are diagrammatic illustrations of cross sections of toner particles in which a wax is em- 
braced. 

[0029] Fig. 12 is a perspective view of a device for measuring the quantity of triboelectricity of toners, used in the 
present invention. 

[0030] Figs. 13A and 1 3B diagrammatically illustrate the state of blank areas caused in character images. 
[0031] Fig. 14 illustrates an isolated<Jot pattern used to evaluate dot reproducibility. 



is DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0032] The toner of the present invention contains at least a binder resin, a wax and, as a charge control agent, a 
compound represented by Formula (A). 

[0033] The compound represented by Formula (A) will be described below in detail. 
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[0034] In the formula, R-, and R 4 each represent a substituted or u nsubst it uted aromatic group, inclusive of a con- 
densed ring; R 2 and R 3 each represent a hydrogen atom, an alkyl group, a substituted or unsubstituted aromatic group, 
35 inclusive of a condensed ring; M represents an element selected from B, Ti, Fe, Co, Cr, Al and Ni; and X n+ represents 
a cation. 

[0035] Stated specifically, the aromatic groups represented by R v R 2 , R3 and R 4 may include benzene and naph- 
thalene. The substituents of the aromatic groups may include an alkyl group, an aralkyl group, an alkoxyl group, an 
alkenyl group, an aryl group, a halogen atom, a nitro group, a cyano group, an amino group and a hydroxyl group. The 

40 alkyl groups represented by Rg and R 3 may include a methyl group, an ethyl group, a n-butyl group, a t-butyl group, 
an isopropyl group, an ispamyl group, a n-dodecyl group, a n-octadecyl group and a cyclohexyl group. The element 
represented by M may preferably include trivalent metals Cr, Al, Fe, Co, Ti and B. As the X n +, various inorganic cations 
and organic cations may be used. The inorganic cations may include hydrogen ions and metal ions, and the metal ions 
may include monovalent or divalent metal ions such as Li*, Na + , Mg 2+ , Ca 2+ , Zn 2+ and Ba 2+ . The organic cations may 

45 include ammonium ions, iminium ions and phosphonium ions. 

[0036] Of the cations X n+ exemplified above, inorganic cations are preferred in view of charging rate and charging 
stability. 

[0037] Of the above organic cations, preferred are those represented by the following Formulas (B), (C), (D) and (E). 
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[0038] In the formulas, R s to R 15 each represent a hydrogen atom, a substituted or unsubstituted alkyl group or a 
substituted or unsubstituted aryl group, and Z n and Zg in Formulas (B), (C) and (D) each represent a non-metallic 
atomic group which combines with the nitrogen atom of the cation of each Formula to form a 5-membered ring or a 
6-membered ring. 

[0039] The alkyl group may include a methyl group, an ethyl group, an n-butyl group, a t-butyl group, an isopropyl 
group, an isoamyl group, an n-dodecyl group, an n-octadecyl group and a cyclohexyl group. The aryl group may include 
a phenyl group and an cc-naphthyl group, and these alkyl groups may be substituted with a substituent such as an alkyl 
group, an aralkyl group, a halogen atom, an alkoxyl group, a hydroxyl group, a cyano group or an aryl group. The 
groups Z, and Zg may include non-metallic atomic groups necessary to form heterocyclic rings such as a pyridine ring, 
an isoquinoline ring, a pyrrole ring, an imidazole ring, a piperidine ring and a pyrrolidine ring. 

[0040] Examples of the compound represented by Formula (A) are shown in Tables 1 and 2 below. In the following, 
the compound number (No.) is also used in common in Examples. 

[0041] The compound represented by Formula (A), which is used as a charge control agent in the present invention, 
is readily obtained by, e.g., adding a compound represented by Formula (F) or (G) [wherein to R 4 are as defined 
in Formula (A)] in an aqueous solution of boric acid and an amine to carry out reaction. 
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[00421 When the toner is produced by polymerization, the compound represented by Formula (A) may be added in 
an amount of from 0.1 to 10 parts by weight, and preferably from 0.6 to 5 parts by weight, based on 100 parts by weight 
of the polymerizable monomer. 

[0043] The- compound represented by Formula (A), added in the toner components may usually be in an amount of 
5 from 0.1 to 10 parts by weight, and preferably from 0.6 to 5 parts by weight, based on 100 parts by weight of the 
polymerizable monomer. . . 

[00441 Addition of the Formula (A) compound in the toner components in an amount less than 0.1 part by weight is 
not preferable because the effect of charging toner particles can not be obtained. Addition of the Formula (A) compound 
in an amount more than 10 parts by weight results in a high cost and is not preferable from an economical viewpoint. 
10 [0045] The toner of the present invention has specific shape factors SF-1 and SF-2. 

[0046] In the present invention, the SF-1 and SF-2 each indicating the shape coefficient of the toner are values 
obtained by sampling at random 100 images of 2 u/n or larger toner particle as magnified 1 ,000 times with, e.g... FE- 
SEM (S-800- a scanning electron microscope manufactured by Hitachi Ltd.). introducing their image information into 
an image analyzer (e.g., LUSEX III; manufactured by Nikore Co.) through an interface to make analysis, and calculating 
is the data according to the following expression. The values thus obtained are defined as shape coefficient SF-1 , SF-2. 

SF-1 = (MXLNG) 2 /AREA x n/A x 100 

20 SF-2 = (PERI ME) 2 / ARE A x 1/4* x 100 

wherein MXLNG represents an absolute maximum length of a particle; PERIME represents a peripheral length of the 
particle; and AREA represents a projected area of the particle. 
25 [0047] When the shape factors of toner particles are measured by the above method after any external additive has 
been added to the toner particles, they are so measured that the external additive having adhered to the toner particle 
surfaces are not included in the data for image analysis. 

[0048] The shape factor SF-1 of toner indicates the degree of sphericity of a particle, and the shape factor SF-2 
indicates the degree of unevenness of the particle. 

30 [0049] If the shape factor ratio of the toner (SF-2)/(SF-1 ) is in a value more than 1 .0, faulty cleaning tends to occur 
in usual instances. If the shape factor SF-1 is more than 1 60, the particle becomes less spherical, and more amorphous 
(shapeless), so that the toner particles tend to be pulverized in the developing assembly and to cause variations of 
particle size distribution or result in a broad charge quantity distribution. A shape factor SF-2 of more than 140 is not 
preferable because the toner image may be transferred in a low transfer efficiency when transferred from the photo- 

ss sensitive member to the intermediate transfer member and also to the transfer medium and blank areas may be caused 
by poor transfer in character or line images. u - 
[0050] The tendencies as stated above may be remarkable especially when a full-color copying machine in which a 
plurality of toner images are developed and transferred is used. More specifically, when a full-color image is formed, 
the four color toner images are hard to uniformly transfer, and also, when the intermediate transfer member is used, 

40 a problem is liable to occur in respect of color uniformity and color balance, and it is hard to stably reproduce high- 
quality full-color images. 

[0051] In addition, when a usual amorphous toner is used, melt-adhesion or filming of toner may occur on the pho- 
tosensitive member surface or intermediate transfer member surface because of a shear force or rubbing force acting 
between the photosensitive member and the cleaning member and/or between the photosensitive member and the 

45 intermediate transfer member. 

[0052] Accordingly, in order to avoid these problems, the toner of the present invention may preferably have shape 
factors SF-1 and SF-2 with a value of 1 00 < SF-1 <; 160 and a value of 100 < SF-2 < 140, more preferably shape factors 
SF-1 and SF-2 with a value of 100 < SF-1 < 150 and a value of 100 < SF-2 <; 130, and still more preferably shape 
factors SF-1 and SF-2 with a value of 100 < SF-1 £ J40 and a value of 100 < S F-2 <S 1 20. Also, the value of (SF-2)/ 

so (SF-1) may preferably be 1.0 or less. 

[0053] The toner of the present invention can be prevented from melt-adhering to the toner carrying member due to 
an increase in transfer residual toner or a lowering of developing efficiency, especially when a toner having a good 
circularity distribution is produced. 

[0054] In the toner of the present invention, the particle shape of the toner may precisely be so controlled that the 
55 toner can have an average circularity of from 0.920 to 0.995 and a circularity standard deviation of less than 0.040 in 
circularity frequency distribution of the toner as measured with a flow type particle image analyzer, whereby the toner 
can be improved in developing performance and transfer performance in a well balanced state and also can greatly 
be improved so as to match itself to image forming apparatus. 
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[0055] More specifically, when the toner is made to have an average circularity ol from 0.920 to 0.995. preferably 
from 0.950 to 0.995, and more preferably from 0.970 to 0.P90 in its circularity frequency distribution, the toner having 
a small particle diameter can greatly be improved in transfer performance, which has ever been difficult to do. and also 
can greatly be improved in the developabilrty for low-potential latent images. Such tendencies are very effectively 
appear especially when a digital system of minute spot latent images are developed or when toner images are trans- 
ferred many times through the intermediate transfer member to form a full-color image, bringing about a good com- 
patibility with image forming apparatus. 
[0056] In the toner of the present invention, it is also possible to arbitrarily control the circularity standard deviation 
of circularity frequency distribution of the toner. The circularity standard deviation may be controlled to be less than 
10 0.040, preferably less than 0.035, and more preferably from 0.015 to less than 0.035. This can bring about a great 
improvement in properties relating to developing performance. 

[0057] A toner having an average circularity less than 0.950 in its circularity frequency distribution may be in a content 
of 15% by number or less. This brings the development efficiency in image formation to a satisfactory level and also 
enables good images to be formed. 
is [0058] The average circularity, the circularity standard deviation and the percent by number of the toner having an 
average circularity less than 0.950 can be controlled by adjusting the pH of an aqueous medium in the step of granulation 
in suspension polymerization. 

[0059] The circularity and the frequency distribution thereof referred to in the present invention are used as a simple 
method for expressing the shape of toner quantitatively. In the present invention, they are measured with a flow type 
particle image analyzer FPIA-1000, manufactured by Toa lyou Denshi K.K., and the average circularity is calculated 
according to the following expression. 

Circularity = Circumferential length of a circle with the same area as particle projected area 

Circumferential length of particle projected imaoe 



[0060] Here, the "particle projected area" is meant to be the area of a binary-coded toner particle image, and the 
"circumferential length of particle projected image* is defined to be the length of a contour line formed by connecting 
edge points of the toner particle image. 

[0061] The circularity referred to in the present invention is an index showing the degree of surface unevenness of 
30 toner particles. It is indicated as 1 .000 when the toner particles are perfectly spherical. The more complicate the surface 
shape is, the smaller the value of circularity is. 

[0062] Average circularity c which means an average value of circularity frequency distribution and circularity distri- 
bution SDc are calculated from the following expression where the circularity at a partition point i of particle size dis- 
tribution (a central value) is represented by ci, and the frequency by f cj . 



35 



Average circularity c = £ (ciXf d ) /Z (f - ) 

i= 1 i= 1 ° 
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Circularity standard deviation SDc = J ff r - m - i 1 ^ 2 
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[0063] As a specific measuring method, 10 ml of ion-exchanged water from which impurity solid matter has been 
removed is put in a container, and as a dispersant a surface-active agent, preferably alkylbenzene sulfonate, is added 
so therein. Thereafter, 0.02 g of a sample to be measured is further added therein, then uniformly dispersed. As a dis- 
persing means, an ultrasonic dispersion machine UH-50 (manufactured by SMT Co.) to which a 5 mm diameter titanium 
alloy tip is attached as a vibrator is used, and dispersion treatment is carried out for 5 minutes to prepare a dispersion 
for measurement. Here, the dispersion is appropriately cooled so that its temperature does not exceed 40°C. 
[0064] The toner shape is measured using the above flow type particle image analyzer. Concentration of the disper- 
sion is again so adjusted that the toner particles are in a concentration of from 3,000 to 10,000 particles/uJ at the time 
of measurement, and 1 ,000 or more particles are measured. After measurement, the data obtained are used to deter- 
mine a circle-corresponding diameter and circularity frequency distribution of the toner. 

[0065] In order to faithfully develop minute latent image dots to make image quality higher, the toner may preferably 
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have a weight-average particle diameter (D4) of from 4 to 9 pm and a coefficient of variation A in number distribution, 
of 30% or less, and may more preferably have a coefficient of variation A of 25 or less. Also, a toner fine powder having 
particle diameters of 4.00 urn or smaller in number distribution may preferably be in a content not more than 25% by 
number and more preferably not more than 20% by number. Controlling toner particle size distribute in such a manner 

5 as described above allows the toner particles to have good powder characteristics. Accordingly, when the compound 
represented by Formula (A) according to the present invention is added and used in the toner, a very good charging 
performance can be exhibited. If the toner has a weight-average particle diameter smaller than 4 urn or the toner fine 
powder is in a content more than 25% by number, its fluidity may lower when toner particles are loaded, and hence it 
tends to become difficult for the toner to be triboelectrically charged uniformly, causing uneven image density or .mage 

10 fog or a decrease in image density. Transfer efficiency may also lower, and hence this not only can be a cause of 
uneven image density, but also may result in an increase in transfer residual toner on the surface of the photosensitive 
member or intermediate transfer member, undesirably resulting in an increase in a load on the image forming apparatus. 
If on the other hand the toner has a weight-average particle diameter larger than 10 urn. the minute latent image dots 
may no longer faithfully be reproduced. 

is r0066] In the past, the use of toner particles having such a small particle diameter have often caused problems 
concerning the charging performance of toners. However, when the compound represented by Formula (A) according 
to the present invention is added in the toner, the toner can be more improved in uniform charging performance and 
charging stability. ■ .. ,. 

[00671 The particle size distribution of the toner may be measured by various methods. In the present invention, it 

zo is measured with a Coulter counter Model TA-II or Coulter Multisizer (both manufactured by Coulter Electronics, Inc. ) 
as a measuring device. As an electrolytic solution for measurement, an aqueous 1% by weight NaCI solution of first- 
grade sodium chloride is prepared and used, or commercially available ISOTON R-ll (trade name, manufactured by 
Courier Scienlific Japan Co.) may be used. Measurement is carried out by adding as a dispersant 0.1 to 5 ml of a 
surface active agent, preferably an alkylbenzene sulfonate, to 100 to 150 ml of the above electrolytic solution, and 

ss further adding 2 to 20 mg of a sample to be measured. Next, the electrolytic solution to which the measunng sample 
has been added is subjected to dispersion for about 1 minute to about 3 minutes in an ultrasonic dispersion machine. 
Using an aperture of 100 urn in the above particle size distribution measuring device, the volume and number of toner 
particles are measured for each channel, and the volume distribution and number distribution of the toner are calculated, 
and the weighl-average particle diameter (D4) of the toner is determined from that volume distribution, and the number- 
so average particle diameter (D1 ) and standard deviation (S) from that number distribution. 

[0068] As measuring channels, the following 1 3 channels are set: 2.00 to less than 2.52 urn, 2.52 to less than 3.17 
urn 3 17 to less than 4.00 pm, 4.00 to less than 5.04 pm. 5.04 to less than 6.35 pm. 6.35 to less than 8.00 pm, 8.00 
to less than 10 08 pm. 10.08 to less than 12.70 pm, 12.70 to less than 16.00 pm. 16.00 to less than 20.20 pm. 20.20 
to less than 25.40 pm, 25.40 to less than 32.00 pm. and 32.00 to less than 40. 30 pm. The middle value of each channel 

35 is used as Ihe representative value of each channel for calculating the particle size distribution. 

[0069] The coefficient of variation A of number distribution of the toner is calculated according to the following ex- 

prGSsion. u 
[0070] Coefficient of variation A = [S/D1] x 100 wherein S represents a value of standard deviation in the number 
distribution of toner particles, and D1 represents number-average particle diameter (urn) of the toner particles. 
40 [0071] The binder resin used in the toner according to the present invention may preferably have a low-molecular 
weight peak ranging from 3,000 to 1 50,000 in GPC molecular weight so that the shape of toner particles produced by 
pulverization can be controlled by thermomechanical impact force. 

[0072] If the binder resin has a low-molecular weight peak at more than 150,000, it may be difficult to control the 
shape factors SF-1 and SF-2 within the range of the present invention, resulting in insufficient improvement of transfer 

45 efficiency If the peak is at less than 3,000, melt-adhesion tends to occur. 

[0073] Molecular weight is measured by GPC (gel permeation chromatography). As a specific method for measure- 
ment by GPC a sample obtained by beforehand subjecting the toner to extraction with a THF (tetrahydrof uran) solvent 
for 20 hours by means of a Soxhlet extractor. As column constitution, A-801, A-802, A-803, A-804, A-805, A-806 and 
A-807, available from Showa Denko K.K., are connected, and the molecular weight distribution is measured using a 

so calibration curve of standard polystyrene resin. 

[0074] The binder resin used in the toner according to the present invention may preferably have a ratio of weight- 
average molecular weight (Mw) to number-average molecular weight (Mn), Mw/Mn, of fro m 2 to 1 00 . 
[0075] The binder resin used in the toner may preferably have a glass transition point Tg of fronrT 40°C to ^5°C, and 
more preferably from 52°C to 70°C, in view of fixing performance and storage stability. 

55 [0076] The glass trar^itioTTpoir^ of the binder resin used in the toner according to the present invention is meas- 
ured by e g , using a differential scanning calorimeter of a highly precise, inner-heat input compensation type, such 
as DSC-7 manufactured by Perkin Elmer Co. It is measured according to ASTM D3418-82. The temperature of a 
sample is once raised to take a previous history and thereafter dropped rapidly Then, the temperature is again raised 
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at a temperature rise rate of lO°C/min within the temperature range of O to 200°C. The DSC curve thus measured is 
used in the present invention. 

[0077] In general, in the toner having the particle size distribution as previously described, the state of charging is 
uniformed as the particle shape is uniformed, but the quantity of triboelectricity tends to decrease with a decrease in 
surface area. Since, however the toner of the present invention contains the compound represented by Formula (A), 
the changed state of the toner can be improved without lowering the quantity of triboelectricity. 
[0078] The binder resin used in the present invention may be any of those used in the production of toners and there 
are no particular limitations. As examples of the binder resin used in the present invention, named are homopolymers 
of polymerizable monomers shown below, or mixtures of homopolymers of the polymerizable monomers, or copolymers 
of two or more of the polymerizable monomers. Stated more specifically, styrene-acrylic acid type copolymers or sty- 
rene-methacrylic acid type copolymers are preferred. 

[0079] Styrene type polymerizable monomers may include, e.g., styrene, and styrene derivatives such as o-methyl- 
styrene, m-methylstyrene, p-methylstyrene, p-methoxystyrene, p-phenylstyrene, p-chlorostyrene, 3,4-dichlorostyrene, 
p-ethylstyrenee, 2,4-dimethylstyrene, p-n-butylstyrene, p-tert-butylstyrene, p-n-hexystyelene, p-n-octylstyrene, p-n- 
nonylstyrene, p-n-decylstyrene and p-n-dodecylstyrene. 

[0080] Acrylate type polymerizable monomers may include, e.g., acrylic esters such as methyl aery late, ethyl acrylate, 
n-butyl acrylate, isobutyl acrylate, propyl acrylate, n-octyl acrylate, dodecyl acrylate, 2-ethylhexyl acrylate, stearyl acr- 
ylate, 2-chloroethyl acrylate and phenyl acrylate. Methacrylate type polymerizable monomers may include, e.g., a- 
methylehe aliphatic monocarboxylic esters such as methyl methacrylate, ethyl methacrylate, propyl methacrylate, n- 
butyl methacrylate, isobutyl methacrylate, n-octyl methacrylate, dodecyl methacrylate, 2-ethylhexyl methacrylate, 
stearyl methacrylate, phenyl methacrylate, dimethylaminoethyl methacrylate and diethylaminoethyl methacrylate. 
[0081] In order to adjust fixing temperature of the toner, the binder resin used in the present invention may preferably 
contain a cross-linkable polymerizable monomer as exemplified below. 

[0082] As the cross-linkable polymerizable monomer, a polymerizable monomer having at least two polymerizable 
double bonds may be used. Specific examples include aromatic divinyl compounds as exemplified by divinylbenzene 
and divinylnaphthalene; diacrylate compounds linked with an alkyl chain, as exemplified by ethylene glycol diacrylate, 
1,3-butylene glycol diacrylate, 1 ,4-butanediol diacrylate, t ,5-pentanediol diacrylate, 1,6-hexanediol diacrylate, nec^ 
pentyl glycol diacrylate, and the above compounds whose acrylate moiety has been replaced with methacrylate; dia- 
crylate compounds linked with an alkyl chain containing an ether linkage, as exemplified by diethylene glycol diacrylate, 
triethylene glycol diacrylate, tetraethylene glycol diacrylate, polyethylene glycol #400 diacrylate, polyethylene glycol 
#600 diacrylate, dipropylene glycol diacrylate, and the above compounds whose acrylate moiety has been replaced 
with methacrylate: diacrylate compounds linked with a chain containing an aromatic group and an ether linkage, as 
exemplified by polyoxyethylene(2)-2,2-bis(4-hydroxyphenyl)propane diacrylate, polyoxyethylene(4)-2,2-bis(4-hydrox- 
yphenyl)propane diacrylate, and the above compounds whose acrylate moiety has been replaced with methacrylate; 
and also polyester type diacrylate compounds as exemplified by MAN DA (trade name; available from Nippon Kayaku 
Co., Ltd.). Polyfunctional cross-linking agents may include pentaerythritol triacrylate, trimethytolethane triacrylate, tri- 
methylolpropane triacrylate, tetramethylolpropane triacrylate, tetramethylolmethane tetraacrylate, oligoester acrylate, 
and the above compounds whose acrylate moiety has been replaced with methacrylate; triallylcyanurate, and triallyltri- 
mellitate. 

[0083] Any of these cross-linkable polymerizable monomers may preferably be used in an amount of 1 part by weight 
or less based on 100 parts by weight of other polymerizable monomer components, whereby not only low-temperature 
fixing performance and anti-offset properties can well be satisfied but also the storage stability of toner can be improved. 
[0084] Of these cross-linkable polymerizable monomers, preferred is the use of aromatic divinyl compounds (in par- 
ticular, divinylbenzene) and diacrylate compounds linked with a chain containing an aromatic group and an ether link- 
age, any of which may be used in an amount ranging from 0.001 to 0.05 part by weight based on 100 parts by weight 
of other polymerizable monomer components. Thus, even when toner particle diameter is made finer, developers can 
have a stable developing performance in any environment, and also can be improved in running performance. 
[0085] To obtain the binder resin used in the present invention, it is preferable to use a polymerization initiator as 
exemplified below. 

[0086] Stated specifically, usable are organic peroxides such as di-t-butyl peroxide, dicumyl peroxide, benzoyl per- 
oxide, t-butylperoxy-2-ethylhexanoate and t-butylperoxybenzoate; and azo and diazo compounds such as azobisbu- 
tyronitrile, diazoaminoazobenzene, 2,2 , -azobis-2-methylbutyron»trile, 2,2'-azobis(2-amidinobutane) d {hydrochloride, 
2,2 , -azobis(2,4-dimethylvaleronitrile) l and dimethyl-2,2 , -azobis(2-methylpropylato)(dimethyl-2,2'-a zobisisobutyrate). 
[0087] Any of these polymerization initiators may be used alone or in combination, and may be used in an amount 
of from 0.05 to 20 parts by weight, and more preferably from 0.5 to 10 parts by weight, based on 100 parts by weight 
of the polymerizable monomers. 

[0088] In the present invention, the binder resin described above may be used in combination with a resin having a 
polarity (hereinafter "polar resin") such as polyester resin or polycarbonate resin. The addition of a polar resin in the 
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toner brings about an improves a state of the compound of Formula (A) contained in the toner, and the charging 

ffrFor toner h direct* produced by suspension polymerization described I fcter such « .polar 

esfn may be adde^uring-polymerization reaction from a dispersion step to a po.ymenzat.on step, thu* th format,on 
oi toner particles can be so controlled that the polar resin added forms thin layers on the surfaces of t°^r particles or 
Spresentln the toner particles with a gradation from their surfaces to cores, in accordance wrth a batance o W» potenty 
shown by a toner particle-forming polymerizable monomer composition and an aqueous dispersion medium ^ Here a 
Polar resin that may interact wrth the compound represented by Formula (A) may be used, whereby ^te d the 
impound present in the toner can be made into a desirable form. In particular, the presence state of the compound 
can be easily controlled when a polar resin having an acid value of from 1 to 20 mg KOH/g is used. 
S»o? T?2 polar resin may preferably be used in an amount oi from t to 25 parts by weight, and more preferably 
fVomi to 15 parts by weight based on 100 parts by weight of the binder resin. When used m an amount less than 1 
part by weight, the presence state of the polar resin in the toner may be non-uniform, and when used m an amount 
mVre than 25 parts by weight, the thin layers of polar resin formed on the toner particle surfaces may be thicker Hence 
EST instances, it may be difficult to control the presence state of the compound represented by Formula (A), so that 
the polar resin can not sufficiently exhibit its function. 

[00911 A typical polyester resin used as the polar resin has the following composition. *. ltanariin , 
0092 An alcohol component of the poVester resin may include ethylene glycol, propylene glycol. 1 ,3-butaned.o I 
1 4-butanediol. 2,3-butanediol, diethylene glycol, Methylene glycol, 1 .5-pentanediol. 1 ,6-hexaned,ol, neopentyl g^col 
aihyM.S-hexanediol. hydrogenated bisphenol A, a bisphenol derivative represented by the following Formula (a) 
and a diol represented by the following 

Formula ( b ) : 

CH 3 

H-(OR)„-0 

CH 3 

wherein R represents an ethylene group or a propylene group, x and y are each an integer of 1 or more, and an average 
value of x +y is 2 to 10; 

H-OR'-O^^-O-R'O-H (b) 

wherein FT represents -CH 2 CH 2 -, 

CH, CH 3 

I \ 
-CH 2 CH-, or -CHj-C- 

CH 3 



r00931 It is a preferred embodiment of the present invention to use a reactive polyester resin or a polycarbonate resin 
as the polar resin. When such a polar resin is used, the toner can be improved in charging performance the image 
fog and spots around line images can be betler prevented, and also high-grade images having superior dot reproduc- 
ibility can be formed. Also, it is possible to impart an appropriate mechanical strength to the toner particles, so that any 
influence of toner deterioration ascribable to image forming apparatus can be confined to a minimum, bringing about 
improvements in running performance against printing on a large number of sheets and in the rnatch.ng to image 
forming apparatus, as detailed later. Moreover, when the toner particles are treated to be more spherical so tha I the 
shape distribution of the toner as described previously can be achieved or when the toner is directly produced by 
suspension polymerization, any influence from toner production steps such as drying can be confined to a min.mu.rv 
Also the polar resin may be used in a combination of two or more kinds, and the chargeability inherent .n themselves 
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can be utilized. 

[0094] The reactive polyester resin used in the present invention includes condensation polymers having a reactive 
group in the backbone or side chain, which can be obtained by condensation polymerization of a polybasic acid with 
a polyhydric alcohol; the polybasic acid including terephthalic acid, isophthalic acid, adipicacid, maleic acid, succinic 
acid, sebacic acid, thiodiglycolic acid, diglycolic acid, malonic acid, glutaric acid, pimelic acid, suberic acid, azelaic 
acid, comphoric acid, cyclohexanedicarboxylic acid and trimellitic acid; andlhe polyhydric alcohol including ethylene 
glycol, diethylene glycol, triethylene glycol, 1 ,2-propylene glycol, 1 ,3-propylene glycol, 1 ,4-butane diol, neopentyl glycol, 
1,4-bis(hydroxymethyl)cyclohexane, 1 ; 4-bis(2-hydroxyethyl)benzene, 1 ,4-cyclohexanedimethanol, polyethylene gly- 
col, polypropylene glycol, bisphenol A, hydrogenated bisphenol, an ethylene oxide addition product of bisphenol A, a 
propylene oxide addition product of bisphenol A, glycerol, trimethylolpropane and pentaerythritol. The reactive group 
may be exemplified by carboxylic acid (or a salt thereof), sulfonic acid (or a salt thereof), ethyleneimino acid, an epoxy 
group, an isocyanate group, a double bond, an acid anhydride and a halogen atom. This reactive polyester resin may 
be allowed to react with each other, or react with a polyfunctional cross-linking agent (e.g., polyhydric alcohols and 
polybasic acids), or the reactive polyester resin may further be allowed to react with a vinyl monomer (e.g., esterification 
or copolymerization) to obtain THF-insoiuble matter. For example, when the toner is obtained by polymerization, an 
unsaturated polyester resin may be used as the reactive polyester, and copolymerized with the vinyl monomer (op- 
tionally inclusive of a cross-linking agent such as divinylbenzene). In such a case, the unsaturated polyester resin 
having a polarity migrates to the vicinity of toner particle surfaces with progress of polymerization to form thin layers 
on the toner particle surfaces. Thus, it is possible to obtain a toner having especially superior blocking resistance and 
anti-offset properties. 

[0095] In the present invention, any resin may be used as the reactive polyester resin so long as it contain one of 
the reactive groups as described above. However, when having a too low molecular weight, polyester resins not involved 
in the cross-linking reaction may consequently be present on the toner particle surfaces to cause a lowering of blocking 
resistance in some cases. On the other hand, when having a too high molecular weight, the reactive polyester resin 
may bo hard to dissolve in the vinyl monomer if the toner is obtained in polymerization method, making the production 
of toner difficult. Accordingly, the reactive polyester resin may preferably have a weight-average molecular weight of 
from about 3,000 to about 100,000 in order to obtain a toner having especially superior performances. 
[0096] As for the polycarbonate resin used the present invention, a polycarbonate resin having in its molecular struc- 
ture a repeating unit represented by the following Formula (I) may preferably be used. 



35 




(I) 



40 



wherein. R represents an organic group. 

[0097] The repeating unit represented by the above Formula (I) includes those having various structures. All known 
polycarbonates produced by, e.g., allowing divalent phenols to react with carbonate precursors by a solution process 
or a melting process. For example, it may include polymers having a repeating unit represented by the following Formula 



45 



50 



<R*>- 



C 
II 



(ID 



55 



wherein R 2 represents a hydrogen atom, an aliphatic hydrocarbon group or an aromatic substituent, m represents an 
integer of O to 4, and when R 2 is in plurality, they may be the same or different; and Z represents a linkage represented 
by a single bond, an aliphatic hydrocarbon group, an aromatic substituent, or -S-, -SO-, -SQg-, -O- or -CO- linkage. 
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[0098] This polycarbonate resin is available from various routes. Usually it can readily be produced by allowing a 
divalent phenol represented by any of Formulas (III) to (V): 

(III) 



(IV) 



[ 




1 (v> 



wherein R, m and Z are as defined above; to react with a carbonate precursor such as phosgene or a carbonate 
compound More specifically, it canbe produced by, e.g., allowingthedivalentphenoltoreactwithacarbonateprecursor 
such as phosgene or subjecting the divalent phenol and a carbonate precursor such as diphenyl carbonate to trans- 
30 esterification, in a solvent such as methylene chloride in the presence of a known acid acceptor or molecular weight 

modifier. . . . , . 

[00991 The divalent phenols represented by the above Formulas (I II) to (V) may include various ones, for example. 
2 2-bis(4-hydroxyphenyl)propane (commonly called "bisphenol A"), dihydroxyarylalkanes such as bis(4-hydroxyphe- 
nyl)methane, bis(4-hydroxyphenyl)phenylmethane. bis(4-hydroxyphenyl)naphthylmethane, bis(4-hydroxyphenyl)- 

35 (4-isopropylphenyl)methane, bis(3,5-dimethyl-4-hydroxyphenyl)methane, 1.1-bis(4-hydroxyphenyl)ethane. 1-naph- 
thy 1-1 1 -bis(4-hydroxyphenyl)ethane, 1 -phenyl-1 , 1 -bis(4-hydroxyphenyl)ethane, 1 ,2-bis(4-hydroxyphenyl)ethane, 
2-methyl-1 1 -bis(4-hydroxyphenyl)propane, 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane, 1 -ethyl-1 , 1 -bis(4-hydrox- 
yphenyl)propane, 2,2-bis(3-methyl-4-hydroxyphenyl)propane, 1,1-bis(4-hydroxyphenyl)butane, 2,2-bis(4-hydroxy- 
phenyl)butane, 1 ,4-bis(4-hydroxyphenyl)butane, 2,2-bis(4-hydroxyphenyl)pentane ( 4-methyl-2,2-bis(4-hydroxyphe- 

40 nyhpentane, 1,1-bis(4-hydroxyphenyl)cyclohexane, 2,2-bis(4-hydroxyphenyl)hexane, 4,4-bis(4-hydroxyphenyl)hep- 
tane 2 2-bis(4-hydroxyphenyl)nonane; 1,10-bis(4-hydroxyphenyl)decane and 1,1-bis(4-hydroxyphenyl)cyclodecane; 
dihydroxyarylsulfones such as bis(4-hydroxyphenyl)sulfone and bis(3,5-dimethyl-4-hydroxyphenyl)sulfone; dihy- 
droxyaryl ethers such as bis(4-hydroxyphenyl) ether and bis(3,5-dimethyl-4-hydroxyphenyl) ether; dihydroxyaryl ke- 
tones such as 4,4'-dihydroxybenzophenone and S.S'.S.S'-tetramethyW^'-dihydroxybenzophenone; dihydroxyaryl 

45 sulfides such as bis(4-hydroxyphenyl) sulfide, bis(3-methyl-4-hydroxyphenyl) sulfide and bis(3,5-dimethyl-4-hydroxy- 
phenyl) sulfide; dihydroxyaryl sulfoxides such as bis(4-hydroxyphenyl) sulfoxide; dihyroxydiphenyls such as 4,4'-dihy- 
droxydiphenyl: dihyroxybenzenes such as hydroquinone. resorcinol and methylhydroquinone; and dihyroxynaphtha- 
tenes such as 1 ,5-dihydroxynaphthalene and 2,6-dihydroxynaphthalene. These divalent phenols may be used alone 

or in combination. 

so [01 00] The carbonate compound may include diaryl carbonates such as diphenyl carbonate, and dialkyl carbonates 

such as dimethyl carbonate and diethyl carbonate. 

[0101] The polycarbonate resin used in the present invention may be used in the form of a homopolymer making 
use of one of these divalent phenols, a copolymer making use of two or more of them, or a blend of any of these. It 
may also be a thermoplastic random-branched polycarbonate resin obtained by allowing a polyfunctions! aromatic 
55 compound to react with the above divalent phenol and/or carbonate precursor. 

[01 02] In order to control the glass transition temperature or viscoelasticity of the polycarbonate resin, a modified 
polycarbonate resin may also preferably be used which has such a form that part of the above divalent phenol has 
been substituted with a polyhydric alcohol such as ethylene glycol, diethylene glycol, triethylene glycol. 1 ,2-propylene 
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glycol, 1,3-propytene glycol. 1,4-butanediol, neopentyl glycol, 1 ,4-bis(hydroxymethyl)cyclohexane, 1 ,4-bis(2-hydrox- 
yethyl)ben7ene, 1,4<yclohexanedimethanol ; polyethylene glycol, propylene glycol, hydrogenated bisphenol A or a 
derivative thereof, an ethylene oxide addition product of bisphenol A, a propylene oxide addition product of bisphenol 
A, glycerol, trimethylolpropane or pentaerythritol. In this instance, it may be produced by simply substituting part of the 
divalent phenol and by the above process. As another example of the production process, a method may be used in 
which the divalent phenol is reacted with an aliphatic or aromatic bischloroformate in a methylene chloride solvent 
using pyridine as a catalyst. Of course, it may be synthesized by any production process other than these. 
[01 03] In the present invention, as the polycarbonate resin, it is also possible to use a block copolymer of the above 
polycarbonate with a polymer such as polystyrene, styrene-acrylic or methacrylic copolymer, polyester, poryurethane, 
epoxy resin, polyolefin, polyamide, polysulfone, polycyanoaryl ether or polyarylene sulfide, and a graft-modified copol- 
ymer obtained by grafting an alkyl acrylate or methacrylate monomer, an acrylic or methacrylic acid monomer, a maleic 
acid monomer or a styrene monomer. 

[0104] There are no particular limitations on the molecular weight of the polycarbonate resin used in the present 
invention. The polycarbonate resin may preferably be those having a peak molecular weight within the range of from 
1 ,000 to 500,000, and more preferably from 2,000 to 100,000, as measured by GPC. If the peak molecular weight is 
lower than 1,000, the resin may adversely affect the charging performance, and if it is higher than 500,000, the resin 
may have so high a melt viscosity as to cause a problem in fixing performance in some cases. Also, when the poly- 
carbonate resin used in the present invention is produced, an appropriate molecular weight modifier, a branching agent 
for improving viscoelasticity, a catalyst for accelerating reaction and so forth may be used as occasion calls. 
[01 05] The polar resin as described above is by no means limited to one type of polymer for each case. For example, 
two or more types of reactive polyester resins may simultaneously be used, or two or more types of vinyl monomers 
may be used. Polymers of quite different types may also optionally be added to the binder resin, as exemplified by 
polymers such as polyester resins having no reactivity, epoxy resins, polycarbonate resins, polyolefins, polyvinyl ac- 
etate, polyvinyl chloride, polyalkyl vinyl ethers, polyalkyl vinyl ketones, polystyrene, polyacrylate or methacrylate, mela- 
mine formaldehyde resin, polyethylene terephthalate, nylons and polyurothanes. 

[0106] As colorants used in the present invention, any of those known in the art may be used. Stated specifically, 
those given below may be used. Carbon black, aniline black, acetylene black, magnetic materials, and colorants toned 
in black by the use of yellow, magenta and cyan colorants shown below may be used as black colorants. 
[0107] As yellow colorants usable in the present invention, compounds typified by condensation azo compounds, 
isoindolinone compounds, anthraquinone compounds, azo metal complexes, methine compounds and alfylamide com- 
pounds are used. Stated specifically, e.g., C.I. Pigment Yellow 12, 13, 14, 15, 16, 17, 62, 74, 83 93 94 95 97 109 
110, 111, 120, 127, 128, 129, 147, 168, 174, 176, 180, 181 and 191 are preferably used. 

[0108] As magenta colorants usable in the present invention, condensation azo compounds, diketopyropyyrole com- 
pounds, anthraquinone compounds, quinacridone compounds, basic dye lake compounds, naphthol compounds, ben- 
zimidazolone compounds, thioindigo compounds and perylene compounds are used. Stated specifically, eg' CI 
Pigment Red 1, 2, 3, 5, 6, 7, 23, 48:2, 48:3, 48.4, 57:1, 81:1, 144, 146, 166, 169, 177, 184, 185, 202, 206, 220, 221 
and 254 are particularly preferably used. 

[01 09] As cyan colorants usable in the present invention, copper phthalocyanine compounds and derivatives thereof, 
anthraquinone compounds and basic dye lake compounds may be used. Stated specifically, C.I. Pigment Blue 1, 2, 
7, 15:1 , 15:2, 15:3, 15:4, 60, 62 and 66 are particularly preferred. 

[0110] These colorants may be used alone, in the form of a mixture, or in the solid solution state. When a magnetic 
material is used as the colorant, it may preferably be added in an amount of from 40 to 50 parts by weight based on 
100 parts by weight of the binder resin. When other colorant is used, it may preferably be added in an amount of from 
0.1 to 20 parts, and more preferably from 2 to 10 parts by weight, based on 100 parts by weight of the binder resin. 
[0111] The toner of the present invention may also be incorporated with.a magnetic material so that it can be used 
as a magnetic toner. In this case, the magnetic material may also serve as the colorant. The magnetic material usable 
in the present invention may include iron oxides such as magnetite, hematite and ferrite; metals such as iron, cobalt 
and nickel, or alloys of any of these metals with a metal such as aluminum, cobalt, copper, lead, magnesium, tin, zinc, 
antimony, beryllium, bismuth, cadmium, calcium, manganese, selenium, titanium, tungsten or vanadium, and mixtures 
of any of these. 

[0112] The magnetic material used in the present invention may preferably be a surface-modified magnetic material. 
It is particularly preferable to use materials having been subjected to hydrophobic treatment with a surface modifier 
having no polymerization inhibitory action. Such a surface modifier may include, e.g., silane coupling agents and tita- 
nium coupling agents. 

[0113] These magnetic materials may have an average particle diameter of 1 urn or less, and preferably from 0.1 to 
1 urn As the magnetic material, it is preferable to use those having a coercive force (He) of from 20 to 300 oersted, a 
saturation magnetization (as) of from 50 to 200 emu/g and a residual magnetization (ar) of from 2 to 20 emu/g, as 
magnetic characteristics under application of 10 K oersted. 
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[01141 The waxaccordingtothepresentinventionmaypreferablybe. in cross-sectional observation of toner particles Uj>^ 
with a transmission electron mjcroscope (TEM), dispersed in the binder resin in the form of, substantially , a sphencal . 
a nd/or soindle-shapedjs'land'orisgDas in such a state that the wax and the binder resin are not soluble in each other. , s f^ /j 
Typical examples are shown in Figs. 11 A and 11 B. , 

5 [0115] Since the wax is dispersed in the above manner to be embraced in toner particles, the compound represented 
by Formula (A) according to the present invention can be allowed to be present in the vicinity of the toner particle 
surfaces in a good efficiency, and hence the charge controllability inherent in the compound can be well exhibited. 
Also the prevention of deterioration of toner and the matching to image forming apparatus can be improved, and hence 
good charging performance can be maintained, so that toner images having superior dot reproduction can be formed 

10 over a long period of time. Moreover, the wax can act in a good efficiency at the time of heat-fixing, and hence satis- 
factory tow-temperature fixing performance and anti-offset properties can be attained. 

[0116] In the present invention, the state of dispersion of the wax as in the above is defined in the following way: Of 
toner particles having length of from D4 x 0.9 to D4 x 1.1 with respect to a weight-average particle diameter D4 (pm) 
of toner as measured in the manneras described previously, twenty (20) planes of cross sections are picked up. Then, 
is a length Ft of each toner particle cross-sectional plane thus picked up and a length r of thejajae^tjsland .n the phase- 
separated structure ascribable to the wax present in the toner particle cross-sectional plane having the length Ft are 
measured to determine the arithmetic mean value of r/R, (r/R)^. When the resultant arithmetic mean value of r/R. (r/ 
R) satisfies 0.05 < (r/R) st <. 0.95, the wax is regarded as being in the form of, substantially, a spherical and/or spindle- 
shaped island or islands in such a state that the wax and the binder resin are not soluble in each other. 
20 [0117] When the wax is so dispersed that the arithmetic mean value of r/R, (r/R) sl , satisfies 0.05 < (r/R) st < 0.95, the 
compound represented by Formula (A) can be made localized to the toner particle surfaces in a good efficiency, so 
that the charging performance of toner can be stabilized. Since the wax is embraced in toner particles, the toner particle 
surfaces can be prevented from deteriorating or the image forming apparatus can be prevented from being contami- 
nated, and thus, the effect of keeping the Formula (A) compound in the vicinity of toner particle surfaces can be mam- 
as tained In addition, an instance where the wax is dispersed in such a state that the arithmetic mean value of r/R, (r/ 
R) satisfies 0.25 <; (r/R) s , <, 0.95 is preferred because good charging performance can be maintained and toner 
images having superior dot reproduction can be formed over a long period of time. Since the wax can act in a good 
efficiency at the time of heat-fixing, satisfactory low-temperature fixing performance and anti-offset properties can be 

30 [oTl 8] * As a method for the cross-sectional observation of toner particles, it is preferable to use an electron dyeing 
method in which a contrast is formed between materials by allowing one of the materials to have higher electron density 
than another by the use of heavy metal, utilizing a difference in the micro-structure of a crystal layer and an amorphous 
phase between the wax used and the resin constituting the shell. Stated specifically, toner particles are well dispersed 
in a room-temperature curing epoxy resin, followed by curing in an environment of temperature 40°C for 2 days, the 

as resulting cured product is electron-dyed with ruthenium tetraoxide (Ru0 4 ) and optionally in combination with osmium 
tetraoxide (Os0 4 ). and thereafter samples are cut into slices by means of an ultra microtome having a diamond cutter, 
observing the cross-sectional form of toner particles using a transmission electron microscope (TEM). 
[01 1 9] By the above method, polar resin thin layers present on the toner particle surfaces can also be observed. 
[0120] As the wax used in the present invention, any known waxes usable in toner may be used, which may include, 

40 eg paraffin wax and derivatives thereof, montan wax and derivatives thereof, microcrystalline wax and derivatives 
thereof Fischer-Tropsch wax and derivatives thereof, polyolefin wax and derivatives thereof, polyester wax and de- 
rivatives thereof ester wax and derivatives thereof, vegetable waxes and derivatives thereof, animal waxes and de- 
rivatives thereof, and mineral waxes and derivatives thereof . and petrolactams. The derivatives include oxides, alkylene 
oxide addition products, saponified products and salts. 

4S [0121] In particular, waxes preferably usable are low-molecular weight polyalkylene wax, low-molecular weight pol- 
yester wax. ester wax, and aromatic derivatives. 

[01 22] From these waxes, waxes may be fractionated according to the size of molecular weight by press sweating, 
solvent fractionation, vacuum distillation, ultracritical gas extraction or fractionation recrystallization (e.g., molten liquid 
crystallization and crystal filtration). Such waxes may also preferably be used in the present invention. After the frac- 

so tionation they may be subjected to block copolymerization or graft modification. 

[0123] For the wax used in the present invention, it is preferred that, in the DSC curve as measured with a differential 
scanning calorimeter, a maximum endothermic peak at the time of temperature rise is within the region of from 50 to 
100"C and the on-set temperature at the starting point of a endothermic curve including the maximum endothermic 
peak is 40°C or above. In particular, it is preferred that the temperature difference between the peak temperature of 

ss the maximum endothermic peak and the on-set temperature is within the range of from 5 to 50°C. 

[0124] When the wax having thermal properties as described above is used, the resulting toner has a good fixing 
performance as a matter of course, the release effect attributable to the wax is exhibited in a good efficiency, a sufficient 
fixing region is ensured, and also any bad influence of conventionally known waxes on blocking resistance and image 
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forming apparatus can be eliminated. Hence, the effect attributable to the compound represented by Formula (A) 
according to the present invention can be well brought out. Especially, since specific surface area of toner particles 
decreases as the toner particle shape is made spherical, it is very effective to control the thermal properties and dis- 
persion state of the wax. , , 

5 [0125] In the present invention, the thermal properties of the wax is measured according to ASTM D3418-82. using, 
e.g., a differential scanning calorimeter DSC-7, manufactured by Perkin Elmer Co. The temperature at the detecting 
portion of the device is corrected on the basis of melting points of indium and zinc, and the calorie is corrected on the 
basis of the heat fusion of iridium. In the measurement, a sample is put in a pan made of aluminum and an empty pan 
made of aluminum is set as a control. A DSC curve is used which is obtained when temperature is raised at a temper- 

10 ature rise rate of 10°C/min in the temperature region of from 20°C to 180°C. Here, when the measurement is made 
on the wax component alone, the temperature is previously raised-and-dropped once under the same conditions as 
those at the time of measurement, and measurement is started after the pre-history the wax component has is removed. 
When the measurement is made on the wax component kept in toner particles, the measurement is made without the 
operation of removing the pre-history. 

15 [0126] The wax may preferably be used in an amount of from 3 to 40 parts by weight, and more preferably from 5 

_toJ§^arts by weight, based on 100 parts by weight of the binder resin. 

[0127] As the ester wax, ester waxes having ester compounds satisfying the following general formula are preferred. 

20 R i -COO-R, 

wherein R 1 and R2 each represent a hydrocarbon group having 15 to 45 carbon atoms. 

[0128] The ester wax may further preferably be an ester wax which contains the ester compounds represented by 
the above formula and in which ester compounds having the same number of carbon atoms in total are in a content 
25 ranging from 50 to 95% by weight. 

[0129] In the present invention, the content of the ester compounds having. the same number of carbon atoms in 
total are measured by gas chromatography (GC) described below. 

[0130] In the present invention, a gas chromatogram is obtained by measurement with GC-17A (manufactured by 
Shimadzu Corporation). In this measurement, a solution previously dissolved in toluene in a concentration of 1% by 
30 weight is used as a sample, and 1 uJ of the sample is injected into a GC system having an on-column injector. As a 
column, Ultra Alloy-1 (HT) 0.5 mm in diameter and 10 mm in length is used. The column is kept at an initial temperature 
of 40°C, from which the temperature is raised to 200°C at a rate of 40°C/min, and is further raised to 350°C at a rate 
of 1 5°C/min, and still further raised to 450°C at a rate of 7°C/min.. As a carrier gas, He gas is flowed under a pressure 
of 50 kPa. When the types of compounds are identified, an alkane having a known number of carbon atoms is injected 
35 and the measurement is made in the same flow-out time as the above, identifying their structures by comparing the 
resulting gas chromatograms with each other or introducing gasified components into mass spectrography. Each con- 
tent of the ester compounds having the same number of carbon atoms is calculated by determining the ratio of each 
peak area to the total peak area of chromatograms. - 
[0131] An example of a chromatogram of the ester wax is shown in Fig. 1 . As can be seen from Fig. 1 , ester com- 
pounds as shown below, having 38 carbon atoms in total, are contained in an amount of about 0.6% by weight; 



40 



45 



so 



55 



C^CH^COO -^CH^CHj 
CHg-^C^COO-CCRj^C^ 

ester compounds as shown below, having 40 carbon atoms in total, are contained in an amount of about 5.8% by weight; 

CHj-^C^COO^CHjj^CHg 
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CH^CR^COO -tCH^CHa 

ch^ch^coo ^ch^ch^ 

ester compounds as shown below, having 42 carbon atoms in total, are contained in an amount ot about 19.0% by 
weight; 

CH^CH^COO -^CH^jfiCHa 
CH^CH^COO -(CH^gCI^ 
CHj-CCH^COO -CCH2%CH3 

ester compounds as shown below, having 44 carbon atoms in total, arc contained in an amount ol about 72.9% by 
weight; 

CHg-CCH^COO -^CH^gCHg 

CHg-^CHjj^COO -^CH^CH, 

and further, ester compounds as shown below, having 46 carbon atoms in total, are contained in an amount of about 
1.7% by weight. 

CHj-^CH^COO -^CH^CHj 

r 0 1 321 With regard to the ester wax used in the above measurement, it has been ascertained that ester compounds 
as shown blow, having 44 carbon atoms in total, are contained in an amount ot about 72.6% by weight as the mam 
component. 



CHg-^C^COO-^C^CHg 



[01 331 Ester waxes particularly preferably used as the ester wax are commonly synthesized from higher carboxy he 
acid components as in the case of higher alcohol components. Usually, these higher alcohol components or h,gher 
carboxylic acid components are often obtained from natural products, and are commonly constrtuted of m.xtures having 
an even numberof carbon atoms. When such mixtures are esterified as they are, by-products having vanous analogous 
structures other than the intended ester compounds are formed, and hence they tend to adversely a ^« e ^ v ^^ 
formances of Ihe toner. Accordingly, in the present invention, it is preferable to use ester waxes obtamed by punfy.ng 
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raw materials or products by solvent extraction or vacuum distillation. 

[0134] In the measurement by the gas chromatography described above, those in which ester compounds having 
the same number of carbon atoms in total are in a content less than 50% by weight may cause complicated crystal 
polymorphism, or freezing-point depression. Hepce, if such ester compounds are incorporated in toner particles they 
tend to provide a cause of an ill effect chiefly on the blocking resistance and charge developing performance of the 
toner. Moreover, if such ester compounds are used in the present invention, a stated fluidity of the toner may be hard 
to attain, or filming ascribable to ester wax tends to occur on the surfaces of carrier particles and photosensitive member, 
so that the quantity of triboelectricity of the toner may decrease, making it difficult to attain a sufficient quantitv of 
triboelectricity continually. 

[0135] As the ester wax, it is preferable to use those in which the ester compounds having the same number of 
carbon atoms in total may preferably be in a content of from 55 to 95% by weight, and more preferably from 60 to 95% 
by weight. It is also preferable to use those in which the total content of ester compounds including ester compounds 
having the same number of carbon atoms in total, contained in the ester wax in the largest quantity, and ester com- 
pounds having the number of carbon atoms in total within the range of ± 2 with respect to the former number of carbon 
atoms is preferably from 80 to 95% by weight, and more preferably from 90 to 95% by weight. 
[0136] When the toner of the present invention is made up, the most preferable ester wax is one in which the ester 
compounds having 44 carbon atoms in total as stated above are contained in an amount of from about 50 to 95% bv 
weight 7 

[01 37] The ester compounds represented by the above general formula may include the following ester compounds. 



Total 

carbon 

atoms 

CH^CH^gCOO -KCH^CHj 36 
CH^CH^COO ^CH^CHg 38 

C ^ C % C00 ^ C W H 3 38 
CH3^CH 2 Y 8 COO-<CH 2 ^ rg CH3 40 

CH 3^ C % COO -< CH 2^7 CH 3 40 
CH^CH^COO ^(CH^CI^ 40 

C ^ C ^ CW ^% CH 3 42 
CH^CH^COO -^CH^CHg 42 

CHj-iCHj^COO ^CH^CHg 42 

CH^CH^COO -(CH^CHg 44 

C ^ C ^ C00 ^^S CH 3 44 
C ^ C % COO "-< C «2%CH3 44 
CHg-eCH^COO -^CH^CHg 46 

CHg^C^COO^CH^QHj 60 
CH^CH^COO ^CH^CI^ 68 
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30 



th*t the oeak temperature of a maximum endothermic peak in the DSC curve 
5 n £ ^ZZXZSZ - 2SilSbV i« SS to BS-C. h .ew of ft. *P— - - 
temperature fixing performance and anti-oflsel [P™^/™^^ lo wer than 40»C have so weak a self cohesive 
[01 39] More specifically, ester waxes m whch the ^^SmSlSluw anti-offset properties of the toner. On the 
force !n themse.ves that they tend to cause * '™ e ^^^ Ling a high melting point, 

other hand, in the case of f e '" a ^ 

lending to make 1 difficuK to carry out 9—orr .na ^^ 5 ^*SSh-> of the ester wax is a va.ue 
[0140] It is preferred that the ester wax has a tartwd f om 0.5 ,o 5£ ^ ^ tts 

obtained by preparing a cylindnca. sample ^^^^i^u.actunKl by Shimadzu Corporation. As 
Vickers hardness using a dynamrc u rafine ha «J-^^LS5 1 0 tarn under a load of 0.5 g at a loading rate 
^TSKKK'S: and a degression made on the samp, is analyzed to 

^££££L m- *~ _ the use. ester v. JJ^^"^^ 

!he above method is less than 0.5 is large h " d 2^^^XT5S!^ On the omer hand, the use of ester 
.endingtocausealoweringofthee^ 

waxes whose hardness is more than 5.0 results in a row _» i y ' n sma „ se „ co hes.ve force, 

of high-temperature anti-offset properties because ^S^TSSS?!^ (Mw) ol from 200 to 2,000 and a 
[0142] The ester wax may preferably have a ««'9ht-average ""J"^ o from 300 to 1 ,000 and Mn of 

number average molecular weight (Mn) of from 1 50 to *00ft ^SZSS^S^^ ^ Mn is less than 1 50. the 
, rom 250 to 1 ,000. More specifically, when ^^T«*^^^l?!^«it. are liable to be present on 
blocking resistance of the toner may be towered ^'^S^^SrhS when using ester waxes whose Mw 

£ST ~^\^^^ weight distribution of the wax is measured by GPC (gel permeation 
chromatography) under conditions shown below. 
- GPC Measurement Conditions - 



35 



[0144] 



ffir^"£?££l. * « eo, U ™s Toso CO.. ua> 

Temperature: 135°C 

Solvent: o-Dichlorobenzene (0.1% lonol-added) 



Flow rate: 1 .0 ml/min 
40 Sample: 0.4 ml of 0. 1 5% sample is injected 



45 



SO 



55 



[0145, Mo.ecu.arweightsaremeasuredundercond.on~ 

derwed from the 

Imparting various properties to the toner. As 'f^SJSSSlS sTchTzTnc stearate and calcium stearate. 
yvinylidene fluoride and polytetrafiuoroethylene and fatty ac^ 

^charge-control^e partic.es p^ferab ^ ^JSH^ ^ u^^S amount of from 0.1 to 10 parts by 
oxide and aluminum ox.de, and carbon black. These aoon ves m y 

weight, preferably from 0.1 to 5 parts by weight. ^^^^^^^ be incorporated with an inor- 
[0147] The toner of the present invention, when used as a ^veloper may | pr V ^ ^ 

ganic fine powder (e.g.. fine silica powder, fine fitanja ^ I ^^^SS. and made to have a degree 
of 30 ma/g or above as measured by nrtrogen gas ;^^^^S^^ d ^ r j. p^.»d u-n 9 th. 

rr; 0 ^^ - — the quan,i,y 
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10 



15 



otr.boelectnc.ty or charging rate from lowering. The interaction between that compound and the inorganic fine powder 

andTin" fteC °T" ,n9 °L th6 dS9ree °' a 99' e 9 ation °'toner can regulate the c^ntL state between the tone3cis 

roi4?i Te 9 t n ir T**' ^ that th ! 3bOVe mert ° riOUS effeCt 03,1 be maintained durin 9 ^tinuous copying 
£148] The .norgan.c fine powder used ,n the present invention may preferably have a specific surface area of 30 

2,wdel k»° ^ ^ deSC f ribed f ° Ve ' and more P«*™"V ^ the range of from 50 to 400 r*^^™*^ 
*Zn 1 9 3 T* SUrfaCe ^ be '° W 30 "** makes rt difficult to contral »«• aggregation degree oftoner AlscT 
surfacL, ,TTT T^T* * Formula < A > acco ^ing to the present invention is present onZloZ p^Se 
surfaces, the pofons where the inorganic fine powder interacts with the compound may become saturated T he 

Z^luZTTV* 5 3 K PeCifi ° SUrfaCe "~ 3bOVe 400 ,he inor ^ fine pciSTTfuS? n The toner 
part.de surfaces to change the aggregation degree of toner with time in some cases The specific surface areTS 
measured according to the BET method, where nitrogen gas is adsorbed on sample surfaces us^g a spedfic surface 

bTrsr^ 

m»uhLi'il> he Hi n0r9a r iC 1 l ne P ° Wden , * k * iS externa,| y added, is added in an mount less than 0.5 part by weight it 
may be diffcult tocontrol the aggregation degree of toner. If it is in an amount more than 5 parts by weight free ino manic 
fine powder may contaminate the toner carrying member and so forth '"organic 
2, J*""J* P^ 65 ^ «nak ing hydrophobic and control of chargeability, the inorganic fine powder used in the 
present invention may preferably be treated, if necessary, with a treating agent such as silicone varnish modif ed 
sil.cone varn.sh of vanous types, silicone oil modified silicone oil of various types, a silane coupling agent a s^ane 
coupl.ng agent hav.ng a functiona. group, or other organosi.icon compound. Especialfy in order to rSSn a Sqh 

T^z^z a i^zr^ ent ~ as ' * - may be in 

22L JUST T the J WO " COmP ° nent deve, °P^ for ^rnple, a magnetic carrier blended with the toner may be 

whose til ri a9n6t,C CamSr US6d ^ 66 in Sny Shape ' **■ S P herjcal - flat <* ^Pe'^- A magneTS 
X caS uLed ma^h™ ( *» ' Tf* Unevenness > nas appropriately been controlled may a'.so be used 
In acS bn wh.nT'h ^T. °' 1 0 ,0 1 00 ^ and "»"» P re,erab| y f ™ 2° to 50 u.m 

dev^nt m ^ r K a K Carner thS t0ner ar8 b,ended to prepare the twcxomponent developer, the toner inTe 
., developer may preferably be in a concentration of from about 2 to 1 5% by weight 

• / [0153] As methods for producing the toner of the present invention, any known methods may be used such as a 

t iCh . the , binder r6Sin " thS COtofant - the wax and so <° rth « me.treaded bfmeans of a 
/// SST therea,ter th « kneaded P«*«t is cooled and then pulverized to have the desired tonTp^c le 

7 jT^TJ2!Srr^^ P ^ f fUrthSr br ° U9ht 10 C,assification to ad < ust »s particle size distribution to S 
?JEE ' k, ^ fof c d,SC,OS6d Ja P anese p atent Publication No. 36-10231 , and Japanese Patent Apportions 
mlST h° f I 3856 N °- 59 - 61842 ' Which t0ner is direct, V P«*«- by suspension po^merizafion suS, a 
/ 40 Sf'fT J i 3133 " 656 Patent Publication N ° 56 - 1394 5. in which a melt-kneaded iSS^SlSSi 
methcL^c t r h k ° r f mu,, ' p,e f,uid noz2,e to obta '" spherical toner particles; and an emulsion polymer zSton 
method as yprfied by soap-free polymerization, \ L isjrgferable to produce a shape-controlled toner bv s3nsi™ 
_p^r^at.on wh,le controlling the polymerizatic^o^^ 

45 ^xfiLi^^^^ compound represented by Formula (A) added in the toner in order to control the quantity 
Itinn of 7 the charging rate has so many hydrophilic functional groups that, when particles formed by qra" 
iT P ° ,yme ^ Zab,e m ° n0mer composition are Polymerized in an aqueous dispersion medium to foS liner 
Sine l may f SO,ved intne aoueoiJS dis P^^°" medium. The compound thus disso^ed does no aTow the 
resuiung toner particles to suff.c.en.ly exhibit the effect of improving the charge quantity and charging rate AlT Je 

so s 3in n h T b T aV6S 3 surface -active agent to make it very difficult for the toner partSs to ^ retain ihe" 
ano nVriiH. T ? ^ 0 * me ™ tion - 80 «« the toner can not be made to have the desired panicle size dSfnbuJon 
TZT T SPeCraMy ^ thS com P° und is di **>'ved in a large quantrty, particles having a finer part cle 

tpanltus nthet ° nerpartlC,eSmaybe,0rmedseconda ^ tob -9ab 

55 ml? 1 T ° SO ,' Ve SUCH 3 Pr ° b,em ' tha P°V m en2ation conversion of polymerizable monomers and the P H of aqueous 

22T 7* C ° ntr < • thS COmP ° Und Can be Prevented Uom disso,vi "9 and the compound can be r e 

tamed in the vicinity of loner particle surfaces in a good state P an De re 

Sn?<L? ta, f d i0 ?T' in , ,He po,ymeriza,ion ^tion of the polymerizable monomer composition, a first reaction 
step ,s taken to make the polymerization conversion of polymerizable monomers higher by at least 10% wS keeping 
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the pH of the aqueous medium at 4.5 to 8.5. and pref erab* 4.5 to 6.0. whereby the compound represented by Formula 
(A)isprevente3fromdissoMng in the aqueous medium and is embraced in toner ^^^^^^^Si 
medium is again adjusted to 9 to 13 after the first reaction step, and a second reaction step is taken to make he 
pSymerizatii conversion still higher, whereby the compound represented by Formula (A) cjn be drawn _ out to the 
vicinity of the surfaces of toner panicles capable of participating in tnboelectnc charging and simultaneously the com- 
pound present on the surfaces can be dissolved and removed under alkaline condrttons 

raiS7] Thus, the compound represented by Formula (A) can be kept in the vanity of toner particle surfaces n a 
gooc .state, so "that the resulting toner can have a very good charging performance. Also, the P«*ta». distribution 
and shape of the toner particles can be controlled as desired, without causing any secondary forma nan o ( particles 
with fineparticle diameter. Hence, the charging performance can be improved cooperatively and also the mat ching to 
image forming apparatus can be made very well. Especially when the pH of the aqueous med.um in the first reaction 
LTep fs C at 4.5 to 6.0. the compound can be embraced more in toner particles, and hence the effect of .movement 

as stated above can be made much better. . 

[01581 In the present invention, the -polymerization conversion" of polymenzable monomers is found > according to 
the folowing expression by determining a total weight (W2) of unreacted polymenzable monomers on the basis of a 
total weight (W1) of polymerizable monomers used in the polymerizable monomer composition. Polymer.zat.on con- 

MSm ^e'umeac^a^lymehzable monomers can be determined by adding, immediately after sampling from a 
eaction vessel, a short-stop (polymerization terminator) or cold methanol to the collected sample to terminate the 
polymerization reaction, and by using a known method such as (i) a method making use of thermograv.metry ^G) 
which makes measurements as a weight loss at the time of heating by means of a thermobalance. or ( .) a method 
making use of gas chromatography (GC). In particular, the method making use of GC is an . 7^^^ hod 
[01601 An example in which the polymerizable monomers in the toner are determ.ned by GC is shown below. 

25 - GC Measurement Conditions - 
[0161] 

Apparatus: 

30 GC-14A (manufactured by Shimadzu Corporation) 

C ° IU Fused silica capillary column (manufactured by J & W Scientific Co; size: 30 m x 0.249 mm; liquid phase: 
DBWAX: layer thickness: 0.25 urn) 

35 Sam uSnq 2 55 mg of DMF as an internal reference, a solvent containing the internal reference is prepared by 

adding 1 00 ml of acetone. Next. 400 mg of toner is made into a 1 0 ml solution using the solvent. After treatment 
with an ultrasonic shaker for 30 minutes, the solution is left standing for 1 hour. Next, the solution is filtered with 
a 0.5 urn filter. The sample is injected in an amount of 4 u.l. 
Detector: FID (split ratio: 1:20) 

40 Carrier gas: N 2 gas 

Oven temperature: 

70°C -» 220°C (temperature rise at a rate of 5°C/min after standing at 70°C for 2 minutes) 
Injection temperature: 200°C 
Detection temperature: 200°C 
45 Preparation of calibration curve: 

r0162] A reference sample prepared by adding a target polymerizable vinyl monomer to the same pMF-acetone 
solution as the sample solution is similarly measured by gas chromatography to determine the value of weight ratio/ 
area ratio of the polymerizable vinyl monomer and the internal reference DMF. 

r0163] In the present invention, when the toner is produced by suspension polymerization, any known inorganic or 
orqanic dispersant may be used as a dispersant used when the aqueous dispersion medium is prepared. Stated spe- 
cifically the dispersant used may include, as inorganic dispersants, e.g., tricalcium phosphate, magnesium phosphate, 
aluminum phosphate, zinc phosphate, magnesium carbonate, calcium carbonate, calcium hydroxide, magnesium hy- 
droxide, aluminum hydroxide, calcium metasilicate. calcium sulfate, barium sulfate, bentonite. s.l.ca and alumina. As 
organic compounds, it may include, e.g., polyvinyl alcohol, gelatin, methyl cellulose, methyl hydroxypropyl cellulose, 
ethvl cellulose, carboxymethyl cellulose sodium salt, and starch. ■ 
r0164l Commercially available nonionic. anionic or cattonic surface active agents may also be used. For exarnple, 
usable are sodium dodecy (sulfate; sodium tetradecylsulfate. sodium pentadecylsulfate. sodium octy (sulfate, sodium 
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oleate, sodium laurate, potassium stearate and calcium oleate. 

[0165] In the present invention, a slightly water-soluble dispersant of an inorganic type is preferred, and besides a 
slightly water-soluble inorganic dispersant which is soluble in acid may preferably be used. In the present invention, 
when the aqueous dispersion medium is prepared using the slightly water-soluble inorganic dispersant. such a disper- 
sant may preferably be used in a proportion of from 0.2 to 2.0 parts by weight based on 100 parts by weight of the 
polymerizable monomers. Also, in the present invention, the aqueous dispersion medium may preferably be prepared 
by using water in an amount of from 300 to 3,000 parts by weight based on 100 parts by weight of the porymerizable 
monomer composition. 

[0166] In the present invention, when the aqueous dispersion medium in which the slightly water-soluble inorganic 
dispersant as described above has been dispersed is prepared, a commercially available dispersant may be used as 
it is. to make dispersion. In order to obtain dispersant particles having fine and uniform particle size, such a slightly 
water-soluble inorganic dispersant may be prepared by forming it in a liquid medium such as water under high-speed 
stirring. For example, when tricalcium phosphate is used as the dispersant, an aqueous sodium phosphate solution 
and an aqueous calcium chloride solution may be mixed to from fine particles of tricalcium phosphate, thus a preferable 
is dispersant can be obtained. 

[0167] The toner production process of the present invention, which is comprised as described above, can readily 
provide a toner which can restrain the decrease in quantity of triboelectricity in a high humidity environment and the 
lowering of the triboelectric charging rate in a low humidity environment, which have conventionally occurred in toners 
containing charge control agents, and also can effectively restrain the toner carrying member from being contaminated. 
20 [01 68] The image forming method to which the toner of the present invention is applied will be described below with 
reference to the accompanying drawings. 

[0169] In the apparatus system shown in Fig. 2, a developer having a cyan toner, a developer having a magenta 
toner, a developer having a yellow toner and a developer having a magnetic black toner are put into developing as- 
semblies 4-1 , 4-2. 4-3 and 4-4, respectively. Electrostatic latent images formed on an electrostatic latent image bearing 
member (e.g., photosensitive drum) 1 are developed by magnetic brush development or non-magnetic one-component 
development to form toner images of respective colors on the photosensitive drum li 

[01 70] The toner of the present invention may be blended with a magnetic carrier so that development can be made 
using, e.g., a developing means of a two-component development system as shown in Fig. 3. Stated specifically, the 
development may preferably be carried out while applying an alternating electric field and in such a state that a magnetic 
30 brush formed of the toner and the magnetic carrier comes into touch with a photosensitive drum 13. A distance B 
between a developer carrying member (developing sleeve) 11 and the photosensitive drum 1 3 (distance between S- 
D) may preferably be from 1 00 to 1 ,000 urn. This is desirable for preventing carrier adhesion and improving dot repro- 
ducibility. If it is smaller (i.e., the gap is narrower) than 100 um the developer tends to be insufficiently fed, resulting 
in a low image density. If it is larger than 1,000 ujd, the magnetic line of force from the magnetic pole S1 held by a 
magnetism generating means 14 internally provided for the developing sleeve may broaden to make the magnetic 
brush have a bw density, resulting in a poor dot reproducibility, or to weaken the force of binding the carrier, tending 
to cause carrier adhesion. 

[0171] The alternating electric field may preferably be applied at a peak-to-peak voltage (Vpp) of from 500 to 5 000 
V and a frequency (f) of from 500 to 10,000 Hz, and preferably from 500 to 3,000 Hz, which may each be applied to 
the process under appropriate selection. In this instance, the waveform used may be selected from triangular waveform 
rectangular waveform, sinusoidal waveform, or waveform with a varied duty ratio. If the peak-to-peak voltage is lower 
than 500 V, a sufficient image density may be hard to attain, and fog toner at non-image areas cannot be satisfactorily 
collected in some cases. If the peak-to-peak voltage is higher than 5,000 V, the electrostatic latent image may be 
disordered through the magnetic brush to cause a lowering of image quality. 
45 [01 72] The use of a two-component developer having a toner desirably charged enables fog takeoff voltage ( Vback) 
to be lowered, and enables the photosensitivemember to be low charged in its primary charging, thus the photosensitive 
member can be made to have a longer lifetime. While depending upon development systems, the Vback may preferably 
be 150 V or below, and more preferably 100 V or below. 

[0173] As contrast potential, a potential of from 200 V to 500 V may preferably be used so that a sufficient image 
50 density can be achieved. 

[0174] If the frequency (f) is lower than 500 Hz, electric charges may be injected into the carrier, relating also to 
process speed, so that carrier adhesion may occur or latent images may be disordered, causing a lowering of image 
quality. If the frequency (f) is higher than 10,000 Hz, the toner can not follow up the electric field to tend to cause a 
lowering of image quality. 

55 [0175] In order to carry out development promising a sufficient, image density, achieving a superior dot reproducibility 
and free of carrier adhesion, the magnetic brush on the developing sleeve 11 may preferably be made to come into 
touch with the photosensitive drum 1 3 at a width (developing nip C) of from 3 to 8 mm. If the developing nip C is 
narrower than 3 mm, it may be difficult to satisfy sufficient image density and dot reproducibility. If it is broader than 8 
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adjusting the distance B between the developing sle eve 11 a "° ™^ esp ecially to halftones, three or more devel- 
[0 761 in the formation of Mkootar images ^^^^^er and developing process making use 
oping assemblies for magenta, cyan ^^^^ combination with a development system in which digital 

in both halftone areas and solid areas. ,. . the initia , stage , the effect of the 

t 0177l in addition, concurrently with *°*?™^°^^ f 23 image quality even in many-sheet copying 
present invention can be continuous* exited JE^SSSS in one'omponent development. An example 
[01781 The toner of the present mven on may p ~ « electr ostatic latent image bearing member by 

of an apparatus for developing elec trostatc latent are not necessary limited to the fo.tow.ng. 

the use of a one^omponent developer . > shown below. latent *™ a 9 e bearin 9 member (P notosens,t,ve drum) " 
[01791 in Fig. 4, reference numeral f ^^^SSSJJ^ electrostatic recording means. Reference nu- 
Ltent images are formed by ^^^^^^tcatma of a non-magnetic s.eeve made of alum.num 
meral 24 denotes a toner carrying member (developing , 
20 or stainless steel. carrying member 24 always comes into contact with 

[01801 Substantially the right hatf of ^ J*"^^^^* the toner carrying member 24 is attracted 
L toner reservoir inside a toner ^Z^t^Z aZ^l force and/or e.ectrostat* force produced by 

£iC£S=^ -e a surface roughness Ra ^> so 

[01811 in the present invention, the tone, ^ and Z a preferably not larger than 0.5. 
set as to be not larger than 1 .5, preferably not la ger than W P transporting performance 

[0182] When the surface roughness Ra is s etto be not la rger han^ ^ b<j 
he toner carrying member has can be ^'^^^10 contact with the toner increases, and hence ho 
thinner and also the times the toner carrying ™^~™ S £^ bring about an .mprovement in image qual.ty. 
charging performance of the ^JKSrb larger than 1.5. not on.y the toner layer on the toner 

average roughness measured using a surface ^S^SSSmSi ■ . Stated specifically, a portion of 2.5 mm 
by K.K. Kosaka Kenkyusho) according to IS surface JJjJJJ^ 8 ^ tne aife c«ion of its centerline. When the cen- 
is drawn out of the roughness curve, "^•J^TS of lengthwise magnification by Y axis, and the 
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image tends to become short, resting in an^nsuffidem Z?« h TT* ^ f ° ,he e,ectras< atic ^ent 

movement of the toner carrying member Ts mo e Tan 3 0 1 °? hmd the Speed of surface 

* latent image bearing member, not onfy v^fo^.e m s E^Sf • °' mOVement of the electrostatic 

also the deterioration of toner due to LhaniLE oMh ^ f Char9 ' n9 ° f l ° ner as sta,ed above . but 

occur undesirably. mecnamcal stress or the stocking of toner to the toner carrying member tends to 

» materia, such as soft potyure.hane mTprS" ^1^^."" ^h" 1 3 ,03med 

that is not zero in the forward direction or backwlSXLtL S ? may be r ° tated at a re,ative ^ed 

^^'-^thecl^iop^^^ate'S^?^^,^ ,0 ,hadeve '°P"9 •«"» so that the toner 
in development) can be stripped off In thlf i^tLnVfl L 9 ,he develo P' n 9 sleeve (the toner not participated 

tone, the feed roller ma be broufht °7 h * b3 ' 3nCe ° f the ^ and stri PP in 9 

'5 and more preferably from 4.0 to to mm On the Ser hand TZ* * 3 ^ < 3 " iP) °' fr ° m 20 to 10 0 

tend to cause an increase in agglomeration due tc 'me deSoL Tt ^ ' mP ° SeS 3 " 6XCeSS Stress to * e tona r to 
toner to the devetoping sleeve and feed ^^^^.^^ 1^ ^ me,, - adh6sion <* kicking of 
invention has excellent fluidity and releasabi fivanrt 1 Sd m the Sloping process of the present 

deve.o P ing system having ^XZ^?^^™* ?° ,0ner is preferab V -ab.e also in the 
20 a, ^beusedasthefeedmember.Sucha7eedmemb b isl^Tr * °' r6Sin fiber SUCh 98 nylon or ra V°" rnay 
carried out using a non-magnetic one "omponen^ 

can not be utilized. It may also be usedTa ma^^ ^ Whfch a " y ma9netic bindin 9 

component developer (magnetic toner) 9 "^-component development carried out using a magnetic one- 

* uniformly by a regulation member. The 

provided a given interval apart from the developing Seeve Alt^L 38 3 met3 ' b,ad ° ° r ma 9 netic b,ad e 

roller or sleeve formed of metal, resin or ceramfc rSa ^os^TllT" °' ^ ^ b,3d °' 8 Materia, 
■n the inside thereof. Also, an elastic member such as an elSlic btde^^ ST fT? mS3nS m3y b6 pr ° Vided 
pressure contact may be used as the reflation m«mhTr w iT , L ' aSt,C r °" er forc °ating the toner under 
an elastic blade 23 is at its upper .^^SS^ES Z,7 T, 9 ^ F ° r 6Xam P ,e - as sh ™" *9- < 

that its blade inner face side (or tTSX^^J^^^ * ^ C ° n,ainer 21 and is s ° P™«ed 
into touch with the surface of he deve Z^^TunSr^^T^ * * ,ower side ' b ™9ht 

deflected againstthe elasticity of the blade in ?the 7aZ^ Tf t W"*™** 6,aS,iC pressure in such a that it is 
sleeve. According to such coltruction, a o^eN 

and is dense. The reason therefor is not necessaX cleaf VndTS T eVen h environ ™ntal variations 

friction with the developing sleeve surface 0 me^e LrtT^T* t0ner * f0rCib,y brou 9 ht int ° 

releasability and has a stable triboelect^ f cr^algeabnrty 6 USSd beCause rt has a su Pe"^ 

or NBR; synthetic resin elastic materfate ^suc^a^v^hJI ? Tu 6 " 3 ' 3 SUCh aS SiHcone rubber ' "rethane rubber 
less steel, steel and phosphor S5S as wS, i 3nd me,al e,astic mate " a 'e such as stain- 
[01 92] In instances where the elastic m^L !,T ' m3tena,S thereof ' an ^ of which ™V be used 
rubbe! may preferable ! k t o^ted on £ " 9 S,e6Ve * ha " Q a durab ^V. resin or 

with the sleeve. ' 3tSd ° n ' th9 me,al elast,c ma, e*al so as to touch the part coming into contact 

fibers, dyes, pigments and surtacLaciveagSS ^^ay be E^SEZ ^ ^P 68 ' inor 9anic 
controlled. Especially when the elastic member i s SmL t^l char 9 |n 9 Performance of the toner can be 

powdersuch as siHca" aiumina, tita^a tS Jr^nTum oxide^t T* °' 8 fi " e meta » 

commonly used in toners may preferably be ^c^Z^n ^ ^ b ' 3Ck ' ° f 3 Cha ^ control a 9en« 

formance and uniform chargeability can bTmTe ^Jj, ft , ' Wh6reby ,he Uni,orm thin - ,a y er per- 
the loosening action ac, ing on the tone? and Th^to^f be 2S2T? ^ ? deV6, ° Pin9 S,eeVe b6Cause of 
density can be achieved and images w«h a ££^£££1™ ^ °* S ° ^ 3 SUff, ' dent ima 9 a 
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[0195] It is effective lor the elastic member to be brought, into touch with the toner carrying member (developing 
sleeve) at a pressure of 0.1 kg/m or above, preferably from 0.3 to 25 kg/m, and more preferably from 0.5 to 12 kg/cm, 
as a linear pressure in the generatrix direction of the toner carrying member. This makes it posstole to effectively loosen 
the agglomeration of toner and makes it possible to effect instantaneous rise of the charge quantity of toner. If the 
5 touch pressure is' belowO. 1 kg/m, it is difficult to uniformly coat the toner, resulting in a broad charge quantity distribution 
of the toner to cause fog or black spots around line images. If the touch pressure is above 25 kg/m, a great pressure 
is applied to the toner to cause deterioration of the toner and occurrence of aggregates of the toner, and also a great 
torque is required in order to drive the toner carrying member, undesirably. 

[0196] The gap a between the electrostatic latent image bearing member and the toner carrying member may pref- 
10 erably be set to be from 50 to 500 u.m, and the gap between the doctor blade and the toner carrying member may 
preferably be set to be from 50 to 400 um 

[0197] The layer thickness of the toner layer formed on the toner carrying member may preferably be made smaller 
than the gap a between the electrostatic latent image bearing member and the toner carrying member. In some cases, 
the layer thickness of the toner layer may be regulated in such an extent that part of a large number of toner ears 

is constituting the toner layer comes into contact with the surface of the electrostatic latent image bearing member. 

[0198] Meanwhile, an alternating electric field may be applied across the toner carrying member and the electrostatic 
latent image bearing member by a bias power source 26. This makes it easy for the toner to move from the toner 
carrying member to the electrostatic latent image bearing member and to form images with a much higher image quality. 
The alternating electric field may preferably be applied at Vpp of 100 V or above, preferably from 200 to 3,000 V and 

20 more preferably from 300 to 2,000 V. It may also preferably be applied at a frequency (f ) of from 500 to 5,000 Hz, more 
preferably from 1,000 to 3,000 Hz, and still more preferably from 1,500 to 3,000 Hz. As the waveform of this electric 
field, rectangular waveform, sine waveform, sawtooth waveform and triangle waveform may be used. An asymmetrical 
AC bias having different time for which forward/backward voltages are applied may also be used. It is also preferable 
to use a bias formed by superimposing an AC bias on to a DC bias. 

2S [0199] In tho apparatus shown in Fig. 2, the electrostatic latent image bearing member 1 is a photosensitive drum 
or photosensitive belt having a photoconductive insulating material layer formed of a-Se, CdS, Zn0 2 , OPC or a-Si. 
The electrostatic latent image bearing member 1 is rotatively driven by means of a drive system (not shown) in the 
direction of an arrow. 

[0200] As the electrostatic latent image bearing member 1 , a photosensitive member having an amorphous silicon 

30 photosensitive layer or an organic photosensitive layer may preferably be used. 

[0201] The organic photosensitive layer may be of a single-layer type in which the photosensitive layer contains a 
charge generating material and a charge transporting material in the same layer, or may be a function-separated 
photosensitive layer comprised of a charge transport layer and a charge generation layer A mufti-layer type photo- 
sensitive layer comprising a conductive substrate, and the charge generation layer and the charge transport layer 

as superposed on the substrate in this order is one of preferred examples. 

[0202] As binder resins for the organic photosensitive layer, polycarbonate resins, polyester resins or acrylic resins 
may preferably be used because they provide a good transfer performance and a good cleaning performance, and 
may hardly cause faulty cleaning, melt-adhesion of toner to the photosensitive member and filming of external additives. 
[0203] The step of charging has a system in which the charging means and the electrostatic latent image bearing 

40 member 1 are in non-contact with each other as in a corona charging assembly, or a contact type system in which they 
are in contact with each other as in a charging roller. Either system may be used. The contact charging system as 
shown in Fig. 2 may preferably be used so as to enable efficient and uniform charging, simplify the system and make 
ozone less occur. 

[0204] A charging roller 2 is constituted basically of a mandrel 2b at the center and a conductive elastic layer 2a that 
45 forms the periphery of the former. The charging roller 2 is brought into pressure contact with the surface of the elec- 
trostatic latent image bearing member 1 and is rotated following the rotation of the electrostatic latent image bearing 
member 1 . 

[0205] When the charging roller is used, the charging process may preferably be performed under the conditions of 
a roller contact pressure of 5 to 500 g/cm, and an AC voltage of 0.5 to 5 kVpp, an AC frequency of 50 Hz to 5 kHz and 
so a DC voltage of ± 0.2 to ± 1 .5 kV when a voltage formed by superimposing an AC voltage on a DC voltage is applied, 
and a DC voltage of from ± 0.2 to ± 5 kV when only a DC voltage is applied. 

[0206] As a charging means other than the charging roller, there are a method making use of a charging blade and 
a method making use of a conductive brush. These contact charging means have the effect of, e.g., making high 
voltage unnecessary and making ozone less occur. 
ss [0207] The charging roller and charging blade as contact charging means may preferably be made of a conductive 
rubber, and a release coat may be provided on its surface. The release coat may be formed of a nylon resin, PVDF 
(polyvinylidene fluoride) or PVDC (polyvinyljdene chloride), any of which may be used. 

[0208] The toner image on the electrostatic latent image bearing member is primarily transferred to an intermediate 
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transfer member 5 to which a voltage (e.g., ±0.1 to ± 5 kV) is applied. The surface of the electrostatic latent image 
bearing member is cleaned by a cleaning means 9 having a cleaning blade 8. 

[0209] The intermediate transfer member 5 is comprised of a pipe-like conductive mandrel 5b and a medium-resist- 
ance elastic material layer 5a formed on its periphery. The mandrel 5b may comprise a plastic pipe provided thereon 

s with a conductive coating. 

[021 0] The medium-resistance elastic material layer 5a is a solid or foamed-material layer made of an elastic material 
such as silicone rubber, Teflon rubber, chloroprene rubber, urethane rubber or EPDM (an ethylene-propylene-diene 
terpolymer) in which a conductivity-providing agent such as carbon black, zinc oxide, tin oxide or silicon carbide has 
been mixed and dispersed to adjust electrical resistance (volume resistivity) to a medium resistance of from 10 5 to 

10 10"Q-cm. 

[0211] The intermediate transfer member 5 is provided in contact with the bottom part of the electrostatic latent image 
bearing member, being axially supported in parallel to the electrostatic latent image bearing member 1 , and is relatively 
driven at the same peripheral speed as the electrostatic latent image bearing member 1 in the direction as shown by 
an arrow. 

is [0212] The first-color toner image formed and held on the surface of the electrostatic latent image bearing member 
1 is, in the course of passing through the transfer nip portion where the electrostatic latent image bearing member 1 
and the intermediate transfer member 5 come into contact with each other, intermediately sequencially transferred to 
the periphery of the intermediate transfer member 5 by the aid of the electric filed formed at the transfer nip portion, 
by a transfer bias applied to the intermediate transfer member 5. '. 

20 [0213] If necessary, after the toner image has been transferred to the transfer medium, the surface of the intermediate 
transfer member 5 may be cleaned by a detachable cleaning means 1 0. When the toner is present on the intermediate 
transfer member 5, the cleaning means 10 is separated from the surface of the intermediate transfer member so that 
the toner image is not disordered. 

[0214] A transfer means 7 by which the toner image is secondarily transferred from the intermediate transfer member 
to the transfer medium is provided in contact with the bottom part of the intermediate transfer member 5, being axially 
supported in parallel to the intermediate transfer member 5. The transfer means 7 is, e.g., a transfer roller or a transfer 
belt, and is rotatively driven at the same peripheral speed as the intermediate transfer member 5 in the clockwise 
direction as shown by an arrow. The transfer means 7 may be so provided that it comes into direct contact with the 
intermediate transfer member 5, or may be sodisposed that a belt comes into contact with and between the intermediate 
30 transfer member 5 and the transfer means 7 therebetween. 

[0215] In the case of the transfer roller, it is basically comprised of a mandrel 7b at the center and a conductive elastic 
layer 7a that forms the periphery of the former. 

[0216] The intermediate transfer member and the transfer roller may be formed of commonly available materials. 
The elastic layer of the transfer roller may be made to have a volume resistivity set smaller than the volume resistivity 
35 of the elastic layer of the intermediate transfer member, whereby the voltage applied to the transfer roller can be 
lessened, good toner images can be formed on the transfer medium and also the transfer medium can be prevented 
from being wound around the intermediate transfer member. In particular, the elastic layer of the intermediate transfer 
member may preferably have a volume resistivity at least 10 times the volume resistivity of the elastic layer of the 
transfer roller. 

40 [0217] For example, a conductive elastic layer 7b of the transfer roller 7 is made of, e.g., an elastic material having 
a volume resistivity of 1 0 6 to 1 0 1 0 Q-cm, such as polyurethane, or an ethy lene-propy lene-diene type terpolymer (EPDM), 
with a conductive material, such as carbon, dispersed therein. A bias is applied to the mandrel 7a by a constant voltage 
power source. As bias conditbns, a voltage of from ± 0.2 to ± 10 kV is preferred. 

[0218] The toner image on the transfer medium 6 is fixed by means of a heat-and-pressure fixing means H. The 
heat-and-pressure fixing means may include a heat roll system constituted basically of a heat roller internally provided 
with a heating element such as a halogen heater and an elastic-material pressure roller brought into contact therewith 
under pressure, and a system in which the toner image is fixed by heat and pressure by means of a heater through a 
film (Figs. 5 and 6). The toner of the present invention can well match the above heat-and-pressure fixing means 
because of its superior fixing performance and anti-offset properties. 

[0219] The toner of the present invention has a high transfer efficiency at the transfer step, may make the toner less 
remain after transfer and also has a superior cleaning performance, and hence the filming may hardly occur on the 
electrostatic latent image bearing member. Moreover, the toner of the present invention may less make the external 
additive bury in the toner particle surfaces than conventional toners even when a many-sheet running test is made, 
and hence a good image quality can be maintained over a long period of time. Accordingly, it is preferably used espe- 
cially in an image forming apparatus having what is called the reuse mechanism in which the toner remaining on the 
electrostatic latent image bearing member and intermediate transfer member after transfer is removed by a cleaning 
means such as a cleaning blade and the toner remaining after transfer and thus collected is reused. 
[0220] The reuse mechanism is described with reference to Fig. 10. The transfer residual toner present on the surface 
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of a photosensitive drum 120 after transfer is scraped off with an elastic blade 122 coming into touch with the photo- 
sensitive drum, and is collected in a cleaner 121. The transfer residual toner thus collected is transported through a 
cleaner screw 1 23, by means of a feed pipe 1 24 provided with a transport screw, and. through a hopper 1 25. returned 
to a developing assembly A 26. The toner thus returned is again used for development. 

[0221] A oneHX>mponent contact development system may also be used in which an elastic roller is used as the 
toner carrying member, the toner is coated on the surface of this elastic roller to form a toner layer and th.s toner layer 
is brought into contact with the surface of the photosensitive member serving as an image bearing member. 
[0222] In the one-component contact development system, the toner may be either of magnetic and non-magnetic, 
and it is important that the toner layer and the photosensitive member surface come into contact wrth each other. The 
toner carrying member may preferably substantially come into contact with the photosensitive member surface which 
means that the toner carrying member comes into contact with the photosensitive member when the toner layer is 
removed from the toner carrying member. Here, in order to obtain images free of the edge effect through the toner and 
bv the aid of an electric field acting between the photosensitive member surface and the toner carrying member facing 
the the photosensitive member surface, it is necessary for the elastic roller to have a potential on its surface or in the 
is vicinity of the surface and for the electric field to be formed between the photosensitive member surface and the elastic 
rollertoner carrying member surface. Hence, the elastic layer formed by elastic rubber on the surface of a low-resistance 
core material of the elastic roller may be resistance^ontrolled in a medium-resistance region so as to keep the electric 
field while preventing its conduction with the photosensitive member surface, or a thin-layer dielectric layer may be 
provided on the surface of a low-resistance conductive roller; either method may be used. The system may also bo so 
zo constituted that a conductive roller is coated with an insulating substance on its surface side facing the photosensitive 
member surface or provided with a conductive layer on the inner side of an insulating sleeve not facing the photosen- 

[022^ When the one-component contact development system is used, a developing roller serving as the toner car- 
rying member for carrying the toner thereon may be rotated in the same direction as the photosensitive member (the 

2S same surface movement direction), or may be rotated in the opposite direction. When the developing roller is rotated 
in the same direction, it may preferably be rotated at a peripheral speed ratio of more than 100% with respect to he 
peripheral speed of the photosensitive member. If it is not more than 100%, a problem may be left on image quality, 
eg a poor line sharpness. With an increase in the peripheral speed ratio, the quantity of the toner fed to the developing 
zone increases, and the toner is more frequently taken on and off the latent image, where the toner is repeatedly 

30 scraped off at the unwanted part and imparted to the wanted part, so that an image faithful to the electrostat.c latent 
image can be formed. 

[0224] The image forming method of the present invention will be described with reference to the accompanying 

fSl^Fig. 7 diagrammatically illustrates, as an example of the one-component contact development system ac- 

35 cording to the present invention, an image forming apparatus having a process cartridge, 

[0226] A photosensitive member 56 is electrostaticalfy charged by means of a charging roller 51 serving as the 
contact charging means, and image areas are exposed to laser light 60 to form an electrostatic latent .mage. A toner 
50 held in a developing assembly 52 is coated on a toner carrying member 54 by means of a toner coating roller 55 
and a coating blade 53. a toner layer formed on the toner carrying member 54 is brought into contact with the surface 

40 of the photosensitive member 56, and the electrostatic latent image formed on the photosensitive member 56 is de- 
veloped by reversal development, to form a toner image on the photosensitive member 56. Tothe toner carrying member 
54 at least a DC bias is applied through a bias applying means 61 . The toner image on the photosensitive member 
56' is transferred onto a transfer medium 58 transported to the transfer zone, by means of a transfer roller 57, serving 
as the transfer means, to which a bias is applied through a bias applying means 62. The toner image transferred onto 

45 the transfer medium is fixed through a heat-and-pressure fixing means 63 having a heating roller and a pressure roller 
[0227] The image forming apparatus has a blade-like cleaning member 59 provided in contact with the surface of 
the photosensitive member 56 between the transfer zone assigned to a transfer roller 57 and the charging zone as- 
signed to a charging roller 51. The transfer residual toner remaining on the photosensitive member 56 after the step 
of transfer is scraped off by the cleaning member 59 and collected by a cleaner. The photosensitive member 56 from 

so the surface of which the transfer residual toner has been removed is again electrostaticalfy charged by the charging 
roller 51 and is, after charged, exposedto laser light 60, so that an electrostatic latent image is formed. The electrostatic 
latent image on the photosensitive member 56 is developed by the toner carried on the developer carrying member 
54 A toner image formed on the photosensitive member 56 after the developing step is transferred by means of the 
transfer roller 57 onto a recording medium 58 transported to the transfer zone. After the transfer step, the photosensitive 

55 member 56 is cleaned by the cleaning member 59 to remove the transfer residual toner, and thereafter again electro- 
statically charged by means of the charging roller 51 . A similar process is repeatedly carried out thereafter. 
[0228] Fig 8 illustrates another example of the image forming apparatus, in which the toner can be fed to adevelopmg 
sleeve serving as the toner carrying member and in addition thereto the toner having participated in development can 
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smoothly be stripped off the developing sleeve. 

[0229] In Fig. 8, reference numeral 71 denotes a photosensitive drum, around which a primary charging roller 72 as 
a contact charging means, a developing assembly 78 as a developing means, a transfer charging roller 91 as a contact 
transfer means and a resistor roller 89 are provided. Then, the photosensitive drum 71 is electrostatically charged to, 
e.g., -700 V by means of the primary charging roller 72. Voltage applied by a bias applying means 75 is DC voltage 
which is, e.g., -1 ,350 V. Then, the photosensitive drum 71 is exposed to laser light 7 emitted from a laser light generator 
76 to form a digital electrostatic latent image. The electrostatic latent image on the the photosensitive drum 71 is 
developed by a non-magnetic one-component developer (toner) 85, and is transferred onto a recording medium 90 by 
means of the transfer roller 91 to which a bias voltage is applied through a bias applying means 94. The recording 
medium 90 holding thereon a toner image 96 is transported on a transfer belt 95 to a heat-and-pressure fixing assembly 
97 having a heat roller 98 and a pressure roller 99, and the toner image is fixed to the recording medium 90. Reference 
numeral 102 denotes a cleaner having a cleaning member 1 01 . The transfer residual toner on the photosensitive drum 
after the transfer step is scraped off by the cleaning member 101 and collected by the cleaner 102. 
[0230] The charging roller 72 is basically constituted of a mandrel 74 at the center and a conductive elastic layer 73 
that forms its periphery. 

[0231] The developing assembly 78 is, as shown in Fig, 9, provided with a developing sleeve serving as the toner 
carrying member, which is an elastic roller. 79 having a mandrel 80 to which a bias voltage is applied through a bias 
applying means 88 and an elastic layer 81, and the toner layer on the developing sleeve 79 comes into contact with 
the photosensitive drum 71. Inside the developing assembly 78, a toner coating roller 82 is provided which has a 
mandrel 83 to which a bias voltage is applied through a bias applying means 87 and an elastic layer 84. As a member 
for regulating the quantity of the toner transported while attracted onto the devebping sleeve 79, a toner regulating 
blade 86 is provided so that the quantity (or layer thickness) of the toner transported to the developing zone can be 
controlled in accordance with a pressure at which the toner regulating blade 86 is brought into touch with the developing 
sleeve 79. In the developing zone, a DC development bias is applied at least to the developing sleeve 79, and the 
toner layer on the developing sleeve comes into contact with the photosensitive drum 71 surface and is moved onto 
the photosensitive drum 71 in accordance with the electrostatic latent image to.form a toner, image thereon. 
[0232] When the photosensitive drum 71 has a light-area potential of from 0 to 250 V and a dark-area potential of 
from 300 to 1 ,000 V, a feed bias voltage applied from the bias applying means 87 may preferably be from 100 to 900 
V and a development bias voltage applied from the bias applying means 88 may preferably be from 100 to 900 V. 
[0233] The feed bias voltage applied from the bias applying means 87 may also preferably be 10 to 400 V, as an 
absolute value, higher than the development bias voltage applied from the bias applying means 88. This is preferable 
because the feeding of the non-magnetic toner 85 to the developing sleeve 79 and the stripping of the non-magnetic 
toner from the developing sleeve 79 can be made smooth. 

[0234] In view of the feeding and stripping of the non-magnetic toner, it is preferable for the toner coating roller 82 
to be rotated in the same direction as the rotational direction of the developing sleeve 79 so that both their surfaces 
move in the counter direction each other as shown in arrows in Fig. 9. 

[0235] In the image forming apparatus shown in Figs. 7 and 8, the transfer residual toner not transferred in the 
transfer step and present on the surface of the electrostatic latent image bearing member is removed by bringing the 
cleaning member into contact with the surface of the electrostatic latent image bearing member. Another image forming 
method employing what is called "cleaning-at-development system", in which the cleaning for removing the transfer 
residual toner is simultaneously performed at the time of development in the developing step, is also one of preferred 
embodiments. 

[0236] This cleaning-at-development system does not have any clean ing member provided in contact with the surface 
of the electrostatic latent image bearing member between the transfer zone and the charging zone and between the 
charging zone and the developing zone for removing the transfer residual toner present on the surface of the electro- 
static latent image bearing member (photosensitive member). 

[0237] The charge of the transfer residual toner may change greatly also in accordance with transfer bias conditions 
and transfer medium resistance. As the transfer bias, a voltage having a polarity reverse to the charge polarity of the- 
toner is commonly applied. In the case when the development is regular development (the toner charge polarity is 
opposite to the photosensitive member charge polarity) and when the transfer medium is one having a high resistance, 
such as cardboards and OHP films, toner particles having a high charge go forward to the cleaning step while kept at 
that charge polarity, without being transferred because of their strong adhesion to the photosensitive member, and 
hence the photosensitive member tends not to be completely cleaned. 

[0238] Accordingly, the charge of the toner having participated in development on the photosensitive member may 
preferably be controlled to an appropriate quantity so that any toner originally having a high charge quantity does not 
participate in development on the photosensitive member. 

[0239] In order for the toner with a high charge quantity not to participate in development on the photosensitive 
member, it is necessary to control the charging of the toner or the charging performance of the toner However, insuf- 
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ficient charging of the toner tends to cause problems such as toner scatter and a lowering of transfer performance of 
the toner. 

[0240] In the toner according to the present invention, since the compound represented by Formula (A) is incorpo- 
rated in toner particles, it has become possible to restrain toner particles from being excessively charged and to provide 
s the toner with an appropriate charge quantity: Thus, the toner exhibits a stable performance with a superior running 
performance also in the developing step. 

[0241] On the other hand, in the case where the development is reversal development (the toner charge polarity is 
the same polarity as the photosensitive member charge polarity), if the transfer medium is one readily passing through 
electric fields, such as thin paper, toner particles are strongly charged in a reverse polarity by transfer bias, and the 
10 toner particles strongly charged in a reverse polarity have a strong adhesion to the photosensitive member, and hence 
the photosensitive member tends not to be completely cleaned 

[0242] To solve this problem, the toner incorporated with the compound represented by Formula (A) is used in the 
present invention, thus it has become possible to restrain toner particles from being excessively reverse-charged. In 
addition, the use of the toner incorporated with the compound represented by Formula (A) according to the present 

15 invention makes it easy to control the toner charge quantity affected by transfer bias. 

[0243] The reason therefor is not necessarily clear, and is presumed according to findings by the present inventors 
that the compound represented by Formula (A) prevents a charge-up phenomenon, in which the toner is excessively 
charged in a high quantity, and also makes it hard for toner particles to hold any excessive reverse charge even when 
an electric field reverse to the charge polarity of the toner is applied in the transfer step. 

20 [0244] The principle of the cleaning-at-development system is that the charge polarity and charge quantity or the 
toner on the photosensitive member are controlled in the respective steps in electrophotography and that a reversal 
development system is employed. 

[0245] It will be described by giving an example. When a negatively chargeable photosensitive member and a neg- 
atively chargeable toner are used, an image rendered visible is transferred to a transfer medium in the transfer step 

25 by means of a transfer member having a positive polarity, where the charge polarity of the transfer residual toner varies 
from positive up to negative according to the relation between the types of transfer mediums (differences in thickness, 
resistance and dielectric constant) and the area of images. However, the charging member having a negative polarity, 
used to charge the negatively chargeable photosensitive member, can uniformly adjust the charge polarity to the neg- 
ative side even if the polarity of the transfer residual toner has been shifted to the positive side in the transfer step 

30 together with that of the photosensitive member surface. Hence, when the reversal development is employed as the 
developing system, the transfer residual toner, which stands negatively charged, remains at light-area potential portions 
to be developed, even though toner particles uniformly charged in negative polarity at the time of development are 
present on the photosensitive member surface. At dark-area potential portions not to be developed, the toner is attracted 
toward the toner carrying member due to the development electric field and does not remain thereon. 

35 [0246] However, in an attempt to form images at a higher process speed by the use of the cleaning-at-development 
system, it is difficult to charge the photosensitive member surface by means of the charging member and also to 
uniformly adjust the charge polarity of the transfer residual toner, in correlation with a decrease in charging time per 
unit area of the photosensitive member. Hence, when the reversal development is used as a development system, the 
transfer residual toner present on the toner's dark-area potential portions not to be developed can be attracted to the 

^o toner carrying member, and is hard to collect by the aid of the development electric field. Moreover, even if it has been 
collected on the toner carrying member by mechanical force such as rubbing, the transfer residual toner, unless its 
charge is not uniformly adjusted, may adversely affect the charging performance of the toner present on the toner 
carrying member, to cause a lowering of developing performance. 

[0247] The image forming method employing the cleaning-at-development system is established by controlling the 
^5 charge polarity of the transfer residual toner simultaneously with the charging of the photosensitive member. However, 
when the image forming method employing the cleaning-at-development system is used in the formation of images at 
such a higher process speed, it is hard for the charge polarity of the transfer residual toner to be controlled, tending to 
cause faulty collection at development. Also, since the development itself is performed at a higher seed, there is a 
problem that the charge of the transfer residual toner collected at the developing step may more greatly affect the 
50 developing performance to cause a lowering of developing performance. 

[0248] In addition, when the image forming method employing the cleaning-at-development system is used in the 
formation of images at a high process speed, faulty charging tends to occur because of contamination of the charging 
member. 

[0249] Studies made by the present inventors have revealed that, when the image forming method employing the 
55 cleaning-at-development system is used in the formation of images at a high process speed of 120 mm/sec or above, 
or further 150 mm/sec or above, as the process speed of a developing roller, the control of charge polarity must be 
made more quickly in order to improve transfer residual toner collection performance at the time of development, and, 
in order to keep developing performance, the control of charge polarity of the transfer residual toner must be made 



29 

S DOC ID: <EP 0962832A1_I_> 



EP 0 962 832 A1 



10 



15 



more surely and uniformly when it passes through the charging member. 

[0250] Especially in the so-called contact charging, in which the charging member is brought into contact with the 
photosensitive member to charge it, its charging mechanism utilizes electric discharge according to the Paschen's law, 
where the adhesion of toner to the charging member may seriously occur which is caused by the facts that the charging 
member comes into contact with the photosensitive member and the energy of electric discharge deteriorates the toner. 
[0251] In the cleaning system in which the transfer residual toner is removed from the surface of the photosensitive 
member by means of a cleaning member such as a blade or a fur brush, none of studies have ever been made in 
consideration of any influence on the charging of the toner present on the photosensitive member, the performance of 
its collection to the developing assembly and the developing performance of the toner collected to and reused in the 
developing assembly. 

[0252] Accordingly, the present inventors have made extensive studies on various toners, and have discovered that, 
in the image forming method employing the clean ing-at-development system, the performance of charge control at the 
time the toner passes through the charging member is closely concerned with the running performance and image 
quality characteristics, and have discovered especially that the incorporation of the compound represented by Formula 
(A) into the toner brings about an improvement in the performance of charge control at the time the toner passes 
through the charging member. 



EXAMPLES 

20 [0253] The present invention will be specifically described below by giving production examples and working exam- 
ples. These by no means limit the present invention. In the following formulation, "part(s)" refers to "part(s) by weight- 
in all occurrences. 



25 



Toner Production 
Example 1 
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[0254] Into a 2-liter four-necked flask having a high-speed stirrer TK-type homomixer (manufactured by Tokushu 
Kika Kogyo), 710 parts of ion-exchanged water and 450 parts of an aqueous 0.1 mol/liter Na 3 P0 4 solution were intro- 
duced, and the mixture was heated to 60 P C with stirring by means of the high-speed stirrer at a number of revolution 
adjusted to 10,000 rpm. Then, 68 parts of an aqueous 1 .0 mol/liter CaCI 2 solution was added thereto slowly to prepare 
an aqueous dispersion medium containing fine-particle slightly water-soluble dispersion stabilizer Ca 3 (P0 4 ) 2 . 



Styrene monomer 

n-Butyl acrylate monomer 

Divinylbenzene monomer 

Colorant (carbon black: bulk density: 370 g/cm 3 ) 

Saturated polyester resin (terephthalic acid-propylene oxide modified bisphenol A; acid value: 15 mg 
KOH/g) 

Charge control agent (compound No. 1 ) 
Wax (ester compounds; m.p.: 70°C) 



1 65 parts 
35 parts 
0.5 part 
14 parts 
10 parts 

2 parts 
20 parts 



45 



"A 

TO 

c so 



55 



[0255] Meanwhile, the above materials were dispersed for 3 hours by means of an attritor (manufactured by Mitsui 
Mining & Smelting Co., Ltd.), followed by addition of 10 parts of a polymerization initiator 2,2 , -azobis(2,4-dimethylva- 
leronitrile) to obtain a polymerizable monomer composition which was then put into the above aqueous dispersion 
medium to carry out granulation while maintaining the number of revolution of the high-speed stirrer at 10,000 rpm. 
Thereafter, the reaction was carried out at 70°C for 2 hours with stirring by means of paddle stirring blades, and there- 
after polymerization was carried out at 90°C for 1 0 hours. 

[0256] After the reaction was completed, the suspension obtained was cooled, and diluted hydrochloric acid was 
added thereto to remove the slightly water-soluble dispersion stabilizer, followed by filtration, water washing and drying, 
and further followed by air classification to classify particles to the desired particle size, thus colored particles (A) were 
obtained. 

[0257] To 100 parts by weight of the colored particles (A), 1.5 parts of a hydrophobic fine silica powder (BET specific 
surface area: 250 m 2 /g) was dry-process mixed by means of a Henschel mixer (manufactured by Mitsui Mining & 
Smelting Co., Ltd.) to obtain toner (A) of the present invention. 

[0258] In particle size distribution of the toner (A) as measured with Coulter Counter Muftisizer (manufactured by 
Courier Co.), its weight-average particle diameter (D4) was 6.8 ujti, number-average particle diameter (D1) was 5.4. 
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|im, coefficient of variatpn.was 26, and fine-powder content (the proportion of presence of 4.00 urn or smaller particles 
in number distribution) was 16% by number Its shape factors SF-1 and SF-2 were 120 and 115, respectively, and the 
value of (SF-2)/( SF-1 ) was 0.96. 

[0259] Measurement with a flow type particle image analyzer FP1A-1000 (manufactured by Toa lyou Denshi K.K.) 

revealed that the toner had an average circularity (c) of 0.976 and a circularity standard deviation (SDc) of 0.031. The 

proportion of particles having a circularity of less than 0.950 was 13% by number. 

[0260] The quantity of triboelectricity of the toner (A) was also measured to find to be -45 mC/kg. 

[0261] In the present invention, the quantity of triboelectricity of the toner was measured by suction gauging. First. 

0.5 g of the toner and 9.5 g of a carrier (EFV-200/300, available from Powder Teck Co.) were weighed out. These were 

put in a polyethylene container, and left for 2 days in a measuring environment (23°C/60%RH). Thereafter, the container 

was hermetically stoppered, and shaked 50 times to prepare a toner-carrier mix sample. 

[0262] A charge quantity measuring device used in the present invention is shown in Fig. 12. In its measuring con- 
tainer 42 made of a metal and provided at the bottom thereof a conductive screen 43 of 500 meshes, having such an 
opening diameter that can capture the carrier and remove only the toner by suction, 1.0 to 1.2 g of the above mix 
sample are weighed out and put, and the container is covered with a plate 44 made of a metal. Next, using a suction 
device connected with the measuring container 42 via an insulating portion, the sample is sucked for 1 minute from a 
suction opening 47 by operating an air-flow control valve 46 to control the pressure indicated by a vacuum indicator 
45 to be 250 mmH 2 0. Here, the charge quantity calculated from the voltage value V (V) indicated by a potentiometer 
49 and from the electrostatic capacity C (u.F) of a capacitor 48 is divided by the weight W (g) of the toner having been 
removed by suction, and the value obtained is regarded as quantity of triboelectricity (mC/kg). 




Quantity of triboelectricity (mC/kg) = CV/W 

[0263] The state of the wax contained in tonor particles of the toner (A) was observed by TEM to confirm that it was 
encapsulated in substantially a spherical form in such a state that it does not dissolve in the binder resin and vice versa 
as diagrammatically shown in Fig. 1 0A, and the value of (r/R) st was 0.62. 

[0264] 7 parts of the toner (A) and 93 parts of a resin-coated magnetic f errite carrier (average particle diameter: 45 
um) were blended, thus a two-component developer (A) was also prepared. 

Toner Production 

Examples 2 to 4 

[0265] Toners (B) to (D) and two-component developers (B) to (D) were obtained in the same manner as in Toner 
Production Example 1 except that the compound No. 1 and the carbon black were replaced with charge control agents 
and colorants, respectively, shown in Table 3. 

Toner Production 

Example 5 

[0266] 



Styrene-butyl acrylate copolymer resin (glass transition temperature: 70°C) | 100 parts 

Colorant (carbon black used in Toner Production Example 1 : bulk density: 370 g/cm 3 ) 5 parts 

Charge control agent (compound No. 1) 1 part 

Wax (low molecular weight polypropylene; m.p.: 1 25°C) 4 parts 



[0267] The above materials were mixed, and melt-kneaded by means of a twin-screw extruder. The kneaded product 
obtained was cooled and thereafter crushed using a hammer mill. The resultant crushed product was pulverized by 
means of a jet mill, and the particles obtained were further heated and made spherical, followed by classification to 
obtain colored particles (E). 

[0268] To 100 parts by weight of the colored particles (E), 1 .5 parts of a hydrophobic fine silica powder treated with 
hexamethyldisilazane (BET specific surface area: 200 m 2 /g) was dry-process mixed by means of a Henschel mixer to 
obtain toner (E). 

[0269] The wax in toner particles of the toner (E) was found to be dispersed in a finely dispersed state, and the value 
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of (r/R) sl was 0.01 or below. 



[0270] 7 parts of the toner (E) and 93 parts of a resin-coated magnetic ferrite carrier (average particle diameter: 45 
urn) were blended, thus a two-component deve toper (E) was also prepared. 

s Toner Production .' 

Examples 6 and 7 

[0271] Toners (F) and (G) and two-component developers (F) and (G) were prepared in the same manner as in Toner 
10 Production Example 1 except that the compound No. 1 was used in an amount of 0.2 part and 7.0 parts, respectively. 

Toner Production 

Comparative Example 1 

75 

[0272] Comparative toner (a) and comparative two-component developer (a) were obtained in the same manner as 
in Toner Production Example 5 except that the treatment to make the particles spherical by heating was not made. 

Toner Production 

20 

Comparative Example 2 

[0273] Comparative toner (b) and comparative two-component developer (b) were obtained in the same manner as 
in Toner Production Example 1 except that the compound No. 1 was replaced with 2 parts of an iron complex salt of 
2S salicylic acid and the wax was replaced with 4 parts of an acid-modified polypropylene wax (m.p.: 125°C). 

[0274] The tormulation of toner and various properties of toner in each Production Example are shown in Table 3 
(as Table 3A-3B). 

Examples 1 to 7 & 

30 

Comparative Examples 1,2 

[0275] In these Examples and Comparative Examples, the image forming apparatus as shown in Fig. 2 was used. 
As the developing assembly, the one shown in Fig. 3 was used. 

35 [0276] The photosensitive drum 1 comprises a substrate la and provided thereon a photosensitive layer 1b having 
an organic photo-semiconductor, and is rotated in the direction of an arrow. By means of the charging roller 2 (the 
conductive elastic layer 2a and the mandrel 2b) facing the photosensitive drum 1 and rotating in contact with it, the 
surface of the photosensitive drum 1 is electrostatically charged to have a surface potential of about -600 V Exposure 
3 is carried out using a polygon mirror by on-off control on the photosensitive drum 1 in accordance with digital image 

40 information, whereby an electrostatic latent image with an exposed-area potential of -100 V and a dark-area potential 
of -600 V is formed. Using the developing assembly 4-1, a toner image is formed on the photosensitive drum 1 by 
reversal development. The toner image is transferred to. the intermediate transfer member 5 (the elastic layer 5a and 
the mandrel 5b as a support). The toner remaining on the photosensitive drum 1 after transfer is collected in a residual 
toner container 9 by means of a cleaning member 8. 

45 [0277] The intermediate transfer member 5 is comprised of the pipe-like mandrel 5b and the elastic layer 5a provided 
thereon by coating, formed of nitrile-butadiene rubber (NBR) in which carbon black conductivity -providing agent has 
been well dispersed. The elastic layer 5a thus formed has a hardness according to JIS K-6301, of 30 degrees and a 
volume resistivity of 10 9 £icm. Transfer electric current necessary for the transfer from the photosensitive drum 1 to 
the intermediate transfer member 5 was about 5 jiA, which was obtained by applying a voltage of +500 V to the mandrel 

so 5b from a power source. 

[0276] The transfer roller 7 has an external diameter of 20 mm, and has an elastic layer 7a formed by coating on a 
mandrel 7b of 1 0 mm diameter, a foamable material of an ethylene-propylene-dieneterpolymer (EPDM) in which carbon 
black conductivity-providing agent has been well dispersed. As the elastic layer 7a, the one showing a volume resistivity 
of 1 0 6 Q-cm and a hardness according to JIS K-6301 , of 35 degrees was used. A voltage was applied to the transfer 

55 roller to flow a transfer current of 1 5 u,A. 

[0279] In the heat fixing assembly H ( a fixing assembly of a hot-roll type having no function of oil application was 
used. Here, as both the upper roller and the lower roller, those having surface layers of fluorine resin were used, having 
roller diameter of 60 mm. The fixing temperature was set at 1 60°C, and the nip width at 7 mm. 
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[0280] Under the above conditions, a 1 0,000-sheet printing test was made in an environment of normal temperature 
and normal humidity (25°C, 60%RH) at a printing rate of 12 sheets(A4-size)/minute in a monochromatic intermittent 
mode (i.e.. a mode in which the developing assembly was made to pause for 10 seconds every time the images were 
printed on one sheet so that the deterioration of the toner was acpelerated by preliminary operation of the developing 
5 assembly when again driven) while successively supplying each of the two-component developers (A) to (G) and the 
comparative two^omponent developers (a) and (b). Then, evaluation on printed images thus obtained was made in 
respect of the items shown later. 

[0281] At the same time, the matching of the above developers to the image forming apparatus used was also eval- 
uated. 

10 [0282] The transfer residual toner collected by cleaning was transported to the developing assembly through the 
reuse mechanism, and reused. 

[0283] The results of the above evaluation are shown in Table 4. 

[0284] Examples 1 to 4 show especially good results on the matching to image forming apparatus. With regard to 
the reasons therefor, the present inventors consider that in the present invention the shape distribution of toner and 
is the internal structure of toner have precisely been controlled, and hence the following two points have cooperatively 
acted, one being that the superior charge-providing ability the charge control agent according to the present invention 
has can readily be exhibited and the other being that the toner of the present invention has restrained image forming 
apparatus from contamination. 

20 Example 8 

[0285] In the present Example, a reuse mechanism was attached to a commercially available laser beam printer 
LBP-EX (manufactured by CANON INC.) to remodel the printer, which was again set up and used. As a primary charging 
roller, a rubber roller (diameter 12 mm; contact pressure: 50 g/cm) in which conductive carbon was dispersed, and 

25 covered with a nylon resin, was used. On the electrostatic latent image bearing member (photosensitive drum), a dark- 
area potential V D of -700 V and a light-area potential V L of -200 V were formed by laser exposure (600 dpi). As the 
toner carrying member, a developing sleeve whose surface was coated with a resin having carbon black dispersed 
therein and had a surface roughness Ra of 1.1 was used, where its surface movement speed was so set as to be 1.1 
times the movement speed of the photosensitive drum surface, and then the gap (S-D distance) between the photo- 

30 sensitive drum and the developing sleeve was set at 270 um As the toner regulation member, a blade made of urethane 
rubber was used in contact with the developing sleeve. As the development bias, a bias formed by superimposing an 
AC bias component on a DC bias component was used. The fixing temperature of the heat-fixing assembly was set 

at150°C. ° 

[0286] Under the above conditions, a 5,000-sheet printing test was made in an environment of high temperature and 

35 high humidity (30°C, 80%RH) at a printing rate of 12 sheets(A4-size)/minute in an intermittent mode (i.e., a mode in 
which the developing assembly was made to pause for 30 minutes every time the images were printed on 100 sheets 
so that the deterioration of the toner was accelerated by preliminary operation of the developing assembly when again 
driven) while successively supplying the toner (A). Then, the printed images thus formed were evaluated to obtain 
good image reproduction results that the image density was good and stable and image fog little occurred. 

40 [0287] The matching of the above toner to the image forming apparatus was also good. 

Example 9 

[0288] In an environment of normal temperature and normal humidity (25°C, 60%RH), evaluation was made in the 
45 same manner as in Examples 1 to 7 except that the developing assembly of the image forming apparatus, shown in 
Fig. 3, was replaced with the one shown in Fig. 4, the movement speed of the toner carrying member surface was so 
set as to be 3.0 times the movement speed of the electrostatic latent image bearing member surface, and images were 
printed in a monochromatic intermittent mode (i.e;, a mode in which the developing assembly was made to pause for 
1 minutes every time the images were printed on one sheet so that the deterioration of the toner was accelerated by 
so preliminary operation of the developing assembly when again driven) while successively supplying the toner (A). 

[0289] The toner carrying member used here had a surface roughness Ra of 1.5, and the toner regulation blade 
used was the one comprising a phosphor bronze base plate to which urethane rubber was bonded and the side coming 
into contact with the toner carrying member of which was coated with nylon. Also, in the heat fixing assembly H, a 
fixing assembly shown in Figs. 5 and 6 was used. The surface temperature of a temperature detector 31 d of a heating 
55 element 31 (31a: heater substrate; 31 b: heating element; 31c: surface protective layer, 31 d: temperature detector) was 
set at 140°C, the total pressure between the heating element 31 and a spongy pressure roller 33 having a foam of 
silicon rubber in its lower layer was set to be 8 kg, and the nip between the pressure roller and a fixing film 32 was set 
to be 6 mm. As a fixing film 32, a 60 u.m thick heat-resistant polyimide film was used which had on its side coming into 
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contact with the transfer medium a low-resistance release layer formed of PTFE (of a high^olecular-weight type) 
having a conductive material dispersed therein. The results of evaluation are summarized in Table 5. 

Example 10 , 

[0290] Using the image forming apparatus shown in Fig. 2, the two-component developers (A) to (D) were put into 
the respectively corresponding developing assemblies 4-1 , 4-2, 4-3 and 4-4. Full-color images were reproduced in an 
environment of 25°C and 60%RH at a printing speed of 3 sheets(A4-size)/minute, and images formed were evaluated. 
As a result, the matching to the developing sleeve, photosensitive drum, intermediate transfer member and fixing 
assembly was good, and full-color images having good image characteristics were rerpoduced. 
[0291J The evaluation items stated in Examples and Comparative Examples and their evaluation criteria are as 
described below. 

- Printed-lmage Evaluation - 

(1) Image density: 



20 



[0292] Evaluated on how image density was maintained when images were printed on a prescribed number of sheets 
of usual plain paper (75 g/m 2 ) for copying machines. The image density was measured with MACBETH REFLECTION 
DENSITOMETER (manufactured by Macbeth Co.), as relative density with respect to an image printed on a white 
ground area with a density of 0.00 of an original. 



A: 1.40 or more. 
B: From 1.35 to less than 1.40. 
25 C: From 1 .00 to less than 1 .35. 

D: less than 1.00. 



30 



40 



45 



SO 



(2) Image fog: 



[0293] Fog density (%) was calculated from a difference between the whiteness at a white background area o1 images 
and the whiteness of the recording medium to make evaluation on image fog, which, was measured with REFLEC- 
TOMETER (manufactured by Tokyo Denshoku Co., Ltd.). 



A: Less than 1.5%. 
3S B: From 1.5% to less than 2.5%. 

C: From 2.5% to less than 4.0%. 
D: More than 4.0%. 



(3) Image blank areas: 

[0294] A character pattern as shown in Fig. 13A was printed on a cardboard, where evaluation was visually made 
by examining any blank areas (the state shown in Fig. 1 3B) in character areas. 

A: Blank areas little occur. 

B: Slight blank areas are seen. 

C: Blank areas are a little seen. 

D: Conspicuous blank areas are seen. 

- Evaluation on Matching to Image Forming 

Apparatus - 



(1) Matching to developing sleeve: 

[0295] After the printing test was finished, evaluation was visually made by examining any sticking of the toner 
rnaimng on the developing sleeve surface and how it affects printed images. 

A: No sticking occurs. 
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B: Sticking little occurs. 

C: Sticking is a little seen, but less affects images. 
D: Sticking is greatly seen, and uneven images occur 

5 (2) Matching to photosensitive drum: 

[0296] After the printing test was finished, evaluation was visually made by examining any scratches on the photo- 
sensitive drum surface and any sticking of the toner remaining thereon, and how they affect printed images 



10 A: None of them occurs. 

B: Scratches are seen to slightly occur, but do not affect images. 

C: Sticking and scratches are seen, but less affect images. 

D: Sticking is greatly seen, and faulty images occur as vertical lines. 

15 (3) Matching to intermediate transfer member: 

[0297] After the printing test was finished, evaluation was visually made by examining any scratches on the 
mediate transfer member surface and any sticking of the toner remaining thereon. 



20 A: None of them occurs. 

B: Scratches are seen to slightly occur, but do not affect images. 

C: Sticking and scratches are seen, but less affect images. 

D: Sticking is greatly seen, and faulty images occur as vertical lines. 

2S (4) Matching to fixing assembly: 

[0298] After the printing test was finished, evaluation was visually made by examining any scratches on the fixing 
roller or fixing film surface and any sticking of the toner remaining thereon. 

30 A: None of them occurs. 

B: Little occur. 

C: Sticking and scratches are seen, but less affect images. 

D: Sticking is greatly seen, and faulty images occur as vertical lines. 



35 Toner Production 
Example 8 

[0299] Into a 2-liter four-necked flask having a high-speed stirrer KUREA MIX (manufactured by Emu Technique 
40 Co ) 700 parts of ion-exchanged water and 800 parts of an aqueous 0.1 mol/liter Na 3 P0 4 solution were introduced, 
and the mixture was heated to 65°C with stirring by means of the high-speed stirrer at a number of revolution set to 
15 000 rpm Then, 70 parts of an aqueous 1.0 mol/liter CaCI 2 solution was added thereto to prepare an aqueous 
dispersion medium containing fine-particle slightly water-soluble dispersion stabilizer Ca 3 (P0 4 ) 2 . The aqueous disper- 
sion medium was reprepared by adding diluted hydrochloric acid so that the pH of the aqueous dispersion medium 
45 becomes 5.0. 

[0300] Meanwhile, as a dispersoid, the following was used. 





Styrene monomer 


77 parts 




2-Ethylhexyl acrylate monomer 


23 parts 


so 


Divinylbenzene monomer 


0.2 part 




Colorant (carbon black: volatile: 1.0%) 


5 parts 




Polycarbonate resin (peak molecular weight: 7,500) 


5 parts 




Charge control agent (compound No. 1 ) 


2 parts 


55 


Ester wax A 


7 parts 



[0301] The ester wax A, and ester wax B used in Toner Production Example 1 2 described later were produced from 
the following long-chain alkylcarboxylic acids and long-chain alkyl alcohols. Physical properties of the ester waxes A 
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and B are shown in Table 6. 

[0302] Long-chain alkylcarboxylic acid components: 

- Palmitic acid (C 16 H 32 0 2 ) 

5 - Stearic acid (C^H&O^ 
Arachidic acid (C^H^Og) 

Behenic acid (C22H44O2) 
Lignoceric acid (C24 H 48°2) 

10 [0303] Long-chain alkyl alcohol components: 

Palmityl alcohol (C^H^O) 

Stearyl alcohol (Cie H 38°) 
Arachidyl alcohol (C20H42O) 
is - Behenyl alcohol (C 22 H 46 0) 

[0304] The above materials were dispersed for 3 hours by means of an attritor, followed by addition of 7 parts of 2,2'- 
azobis(2,4-dimethylvaleronitriIe) to prepare a polymerizable monomer composition. 

[0305] Next, the polymerizable monomer composition was put into the above aqueous dispersion medium to carry 
20 out granulation wilh stirring for 15 minutes in an atmosphere of N 2 and internal temperature of 70°C and while main- 
£ taining the number of revolution of the high-speed stirrer at 15,000 rpm. Thereafter, the stirrer was replaced with a 
v»X " stirrer having paddle stirring blades, and the same temperature was maintained while stirring the system at 80 rpm. 
^ At tne time tne polymerization conversion of the polymerizable monomer composition reached 93%, an aqueous 0.1 

^ V\ mol/liter NaOH solution was added to change the pH of the aqueous dispersion medium to 1 2. The reaction temperature 
V 2S was further raised to 80°C, and the polymerization reaction was completed at the time the polymerization conversion 
reached nearly 1 00%. 

[0306] After the polymerization was completed, residual monomers were evaporated off under reduced pressure, 
and then, after cooling, diluted hydrochloric acid was added thereto to dissolve the slightly water-soluble dispersion 
stabilizer. Washing with water was further repeated several times, followed by drying by means of a conical ribbon 
30 dryer (manufactured by Ohkawara Seisakusho), thus colored particles (H) were obtained. 

[0307] 100 parts by weight of the colored particles (H) and 2 parts of a hydrophobic oil-treated fine silica powder 
(BET specific surface area: 200 m 2 /g) were dry-process mixed by means of a Henschel mixer (manufactured by Mitsui 
Mining & Smelting Co., Ltd.) to obtain toner (H) of the present invention. 

[0308] In particle size distribution of the toner (H), its weight-average particle diameter (D4) was 6.5 urn, coefficient 
35 of variation was 21 , and fine-powder content was 1 0% by number. Its shape factors SF-1 and SF-2 were 1 1 3 and 111, 
respectively, and the value of (SF-2)/( SF-1) was 0.98. In its circularity frequency distribution, the average circularity 
was 0.985 and the circularity standard deviation was 0.026. The proportion of particles having a circularity of less than 
0.950 was 3% by number. 

[0309] The state of the wax contained in toner particles of the toner (H) was observed by TEM to confirm that it was 
to encapsulated in substantially a spherical form in such a state that it does not dissolve in the binder resin and vice versa 
as diagrammatically shown in Fig. 11 A, and the value of (r/R) st was 0.43. 

Toner Production 

45 Examples 9 to 1 4 

[0310] Colored particles (I) to (N) were produced and then toners (I) to (N) of the present invention were prepared 
in the same manner as in Toner Production Example 8 except that the types and amount of the charge control agent, 
colorant and wax and the pH of the aqueous dispersion medium at the time of the polymerization reaction were changed. 

so 

Toner Production 

Comparative Examples 3 and 4 

ss [0311] Comparative colored particles (c) and (d) were produced in the same manner as in Toner Comparative Pro- 
duction Example 1 except that the types of the charge control agent, colorant and wax were changed. 
[0312] 100 parts by weight of each of the comparative colored particles (c) and (d) and 2 parts of a hydrophobic oil- 
treated fine silica powder (BET specific surface area: 200 rr£/g) were dry-process mixed by means of a Henschel mixer 
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to obtain comparative toners (c) and (d), respectively. 
Toner Production 

5 Comparative'Example 5 ' 

[0313] Comparative colored particles (e) were produced and then comparative toner (e) was prepared in the same 
manner as in Toner Production Example 8 except that 2 parts of a boron complex of salicylic acid was used as the 
charge control agent, 4 parts of modified polyethylene wax (m.p.: 115°C) was used as the wax, and the pH of the 
10 aqueous dispersion medium at the time of polymerization reaction was made constant. 

[0314] Toner formulation and production conditions in each Toner Production Example are shown in Table 7, and 
various properties of the tones obtained are shown in Table 8. 

Photosensitive Drum 

15 

Production Example 

[0315] An aluminum cylinder of 30 mm diameter and 254 mm long was used as a substrate, and layers with config- 
uration as shown below were successively formed thereon in layers by dip coating. Thus, photosensitive drum (1 ) was 
20 produced. 

(1) Conductive coating layer: Mainly composed of powders of tin oxide and titanium oxide dispersed in phenol 
resin. Layer thickness: 1 5 ujti. 

(2) Subbing layer. Mainly composed of a modified nylon and a copolymer nylon. Layer thickness: 0.6 urn 

25 (3) Charge generation layer Mainly composed of an azo pigment having absorption in long wavelength range, 

dispersed in butyral resin. Layer thickness: 0.6 um 

(4) Charge transport layer: Mainly composed of a hole-transporting triphenylamine compound dissolved in poly- 
carbonate resin (molecular weight: 20,000 as measured by Ostwald viscometry) in weight ratio of 8:10, and in 
which polytetrafluoroethylene powder (average particle diameter: 0.2 jjjti) was further added in an amount of 1 0% 
30 by weight based on the total solid content and uniformly dispersed. Layer thickness: 25 um. 

[0316] The contact angle to water of the surface of Photosensitive Drum (1 ) thus obtained was 95 degrees. 
[0317] The contact angle was measured using pure water and using a contact angle meter Model CA-DS, manufac- 
tured by Kyowa Kaimen Kagaku K.K. 

35 

Example 11 

[0318] As an image forming apparatus, a 600 dpi laser beam printer LBP-8 Mark IV (manufactured by CANON INC.) 
was made ready for testing. This apparatus was remodeled, images were printed at a process speed of 80 mm/sec 

40 and on 1 2 sheets per minute as LTR (letter) size paper. As shown in Fig. 7, this apparatus has the following process: 
The surface of the photosensitive member 56 (30 mm diameter) is uniformly charged using the charging roller to which 
DC and AC components have been applied. Here, the DC component is controlled to a constant voltage and the AC 
component is controlled to a constant current. Subsequent to the charging, images areas are exposed to laser light 
60 to form an electrostatic latent image, which is then made into a visible image by the use of the toner 50 to form a 

45 toner image, and thereafter the toner image is transferred to the transfer medium 58 by means of the transler roller 57 
to which a voltage has been applied. 

[0319] Next, the developing assembly 52 of the process cartridge was also modified in the following way: In place 
of the toner feeding member aluminum sleeve internally provided with a magnet, a medium-resistance rubber roller 
(diameter: 16 mm) formed of silicone rubber whose resistance had been controlled by dispersing carbon black in it 

so was used as the toner carrying member 54 and was brought into contact with the photosensitive member 56. The toner 
carrying member 54 was so driven that the movement of its surface was in the same direction as that of the surface 
of the photosensitive member 56 at the former's part coming into contact with the latter and its rotational peripheral 
speed was 150% with respect to the rotational peripheral speed of the photosensitive member; i.e., the toner carrying 
member was rotated at a peripheral speed of 1 20 mm/sec, and at a relative peripheral speed of 40 mm/sec with respect 

55 to the surface of the photosensitive member. 

[0320] As a means for coating the toner on the toner carrying member, the toner coating roller 55 was provided inside 
the developer container and was brought into contact with the toner carrying member. The toner coating roller 55 was 
so rotated that the movement direction of its surface was opposite to the movement direction of the surface of the toner 
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carrying member at the contact part, and in this way the toner was coated on the toner carrying member. Also, for the 
purpose of coat layer control of the toner on the toner carrying member, a resin-coated blade 53 made of stainless 
steel was attached. As the cleaning member 59, a blade made of urethane rubber was used. 

[0321] The photosensitive drum (1 ), produced in Photosensitive Drum Production Example 1 , was used as the pho- 
s tosensitive member and the toner (H) was used as the toner. Process conditi6ns were so set as to provide the following 
development conditions. 

Photosensitive member dark-area potential: -700 V 
Photosensitive member light-area potential: -150 V 
io Development bias: -450 V (DC component only) 

[0322] A 2,000 sheet continuous printing test was made in an environment of normal temperature and normal humidity 
(25°C, 60%RH) while supplying the toner Thereafter, the evaluation environment was changed to an environment of 
high temperature and high humidity (30°C, 80%RH) to make a further 3,000 sheet printing test, and printed images 

is were evaluated As a result, good results were obtained on all of image density, prevention of black spots around line 
images, prevention of image blank areas, prevention of tog, and dot reproducibility. Also, any faulty cleaning did not 
occur, and the image quality equal to that of initial stage was attained. After the printing test was completed, the surfaces 
of the developing roller, photosensitive member and fixing assembly were examined, but no melt-adhesion of toner 
was seen, and it was unnecessary to change them for new ones. 

20 [0323] The results of evaluation are shown in Table 9. 

Example 1 2 

[0324] The procedure of Example 11 was repeated except the following. 

25 [0325] The toner carrying member was so driven that the movement of its surface was in the same direction as that 
of the surface of the photosensitive member at the former's part coming into contact with the latter and its rotational 
peripheral speed was 200% with respect to that of the photosensitive member; i.e., the toner carrying member was 
rotated at a peripheral speed of 160 mm/sec, and at a relative peripheral speed of 80 mm/sec with respect to the 
surface of the photosensitive member. 

30 [0326] Process conditions were so set as to fulfill the following development conditions. 

Development bias: -500 V (DC component only) 

[0327] A continuous printing test was made in the same manner as in Example 1 1 . As a result, though slightly inferior 
35 to Example 1 1 because of severer conditions due to a higher process speed, good results were obtained on the whole. 
Any faulty cleaning also did not occur, and the image quality equal to that of initial stage was attained. After the printing 
test was completed, the surfaces of the developing roller, photosensitive member and fixing assembly were examined, 
but no melt-adhesion of toner was seen, and it was unnecessary to change them for new ones. 
[0328] The results of evaluation are shown in Table 9. 

40 

Examples 13 to 18 

[0329] Printing tests were made in the same manner as in Example 11 except for using the toners (I) to (N), respec- 
tively, as the toner. Evaluation was made similarly As the result, as shown in Table 9, good results were obtained on 
45 the whole. 

Comparative Examples 3 to 5 

[0330] Printing tests were made in the same manner as in Example 11 except for using the comparative toners (c) 
50 to (e), respectively, as the toner. Evaluation was made similarly. The results of evaluation are shown in Table 9. 

[0331] The evaluation items stated in Examples 11 to 18 and Comparative Examples 3 to 5 and their evaluation 
criteria are as described below. 

- Printed-lmage Evaluation - 

55 

(1) Image density: 

[0332] Evaluated according to the evaluation criteria for the image evaluation in Example 1. 
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(2) Spots around line images: 

[0333] This is evaluation on spots around fine line images, concerning image quality of graphical images. Evaluation 
was visually made by examining the reproducibility of line images and any spots of toner around line images formed 
5 when one-dot line images tending to cause spots around line images than character images were printed on plane 
paper (75 g/m 2 ). 

A: Spots around line images little occur, showing a good line reproducibility. 
B: Very slight black spots around line images are seen. 
10 C: Spots around line images are slightly seen, less affect line reproducibility. 

D: Conspicuous black spots around line images are seen, showing a poor line reproducibility. 

(3) Image blank areas: 

is [0334] Evaluated according to the evaluation criteria for the image evaluation in Example 1 . 

(4) Image fog: 

[0335] Evaluated according to the evaluation criteria for the image evaluation in Example 1 . 

20 

(5) Dot reproducibility: 

[0336] Images of a pattern of isolated dots of small diameter (50 u,m each) as shown in Fig. 14, which tend to form 
closed electric fields on account of latent image electric fields and are difficult to reproduce, were printed and the 
25 reproducibility of the dots was evaluated. 

A: Missing dots are 2 or less per 1 00 dots. 
B: Missing dots are 3 to 5 per 100 dots. 
C: Missing dots are 6 to 1 0 per 1 00 dots. 
30 D: Missing dots are 1 1 or more per 1 00 dots. 

- Evaluation on Matching to Image Forming 

Apparatus - 

35 

(1 ) Matching to developing roller: 

[0337] After the printing test was finished, evaluation was visually made by examining any sticking of the toner to 
the developing roller surface and how it affects printed images. 

40 

A: No sticking occurs. 

B: Contamination a little occurs, but sticking little occurs. 

C: Sticking occurs, but less affect images. 

D: Sticking greatly occurs, and uneven images occur. 

45 

(2) Matching to photosensitive member: 

[0338] Evaluated according to the evaluation criteria for the matching evaluation in Example 1 . 
50 (3) Matching to fixing assembly: 

[0339] Evaluated according to the evaluation criteria for the matching evaluation in Example 1 . 
Example 19 

55 

[0340] Images were formed in the same manner as in Example 11 except that, in the image forming apparatus used 
therein, the toner coating roller 55 in the developing assembly 52 was replaced with a sponge roller constituted of a 
single layer and a bias voltage was applied to the toner coating roller 55 from a bias applying means (not shown). 
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[0341] In this development, only a DC component of -300 V was applied as the development bias voltage to the 
developing roller 54, and only a DC component of -450 V was applied as the coating bias voltage to the toner coating 
roller 55. 

[0342] Evaluation was made in the same manner as in Example 11 . As a result, the image density and the prevention 
of image fog wer6 both stable and good, any faulty cleaning did not occur, and good Image quality was attained. The 
matching to image forming apparatus was also good. 




Example 20 

io [0343] Images were formed by using the toner (H) in the developing assembly 4-4 of the image forming apparatus 
shown in Fig. 2. 

[0344] In the image forming apparatus, as shown in Fig. 2, a cleaner having a cleaning member coming into contact 
with the photosensitive member surface as a first cleaning means for removing the toner remaining on the photosen- 
sitive member surface after primary transfer is provided between the primary-transfer zone and the charging zone 
15 where the photosensitive member is charged, and a cleaner having a cleaning member coming into contact with the 
intermediate transfer member surface as a second cleaning means for removing the toner remaining on the intermediate 
transfer member surface after secondary transfer is provided on the downstream side of the secondary-transfer zone 
and the downstream side of the primary-transfer zone. 

[0345] As the developing assembly 4-4, a developing assembly constituted like the developing assembly 78 shown 
20 in Fig. 9 was used. 

[0346] A medium-resistance rubber roller (diameter 16 mm) formed of silicone rubber whose resistance had been 
controlled by dispersing carbon black in it was used as the toner carrying member 79 and was brought into contact 
with the photosensitive member surface. The toner carrying member 79 was so driven that the movement of its surface 
was in the same direction as that of the surface of the photosensitive member surface at the former's part coming into 

2S contact with the latter and its rotational peripheral speed was 150% with respect to the rotational peripheral speed of 
the photosensitive member. Namely, the toner carrying member was rotated at a peripheral speed of 1 20 mm/sec and 
at a relative peripheral speed of 80 mm/sec with respect to the surface of the photosensitive member. 
[0347] As a means for coating the toner on the toner carrying member, a sponge roller constituted of a single layer 
was provided as the toner coating roller 82 and was brought into contact with the toner carrying member The loner 

30 coating roller 82 was so rotated that the movement direction of its surface was opposite to the movement direction of 
the surface of the toner carrying member at the contact part, and in this way the toner was coated on the toner carrying 
member. Also, for the purpose of coat layer control of the toner on the toner carrying member, a resin-coated blade 
86 made of stainless steel was attached. 

[0348] The photosensitive drum (1 ), produced in Photosensitive Drum Production Example 1 , was used as the pho- 
35 tosensitive member. Image forming conditions were so set as to fulfill the following development and transfer conditions. 

Photosensitive member dark-area potential: -700 V 
Photosensitive member light-area potential: -150 V 

Development bias applied to the toner carrying member: -450 V (DC component only) 
40 Coating bias applied to the toner coating roller: -300 V (DC component only) 

Transfer bias applied to the intermediate transfer member in the primary transfer step: 300 V (DC component only) 
Transfer bias applied to the transfer roller in the secondary transfer step: 1 ,000 V (DC component only) 

[0349] Under the above image forming conditions, toner images transferred to transfer mediums were heat-fixed to 

^5 the recording mediums by means of the following heat fixing assembly. 

[0350] As the heat fixing assembly H, a fixing assembly of a heat roll system having no function of oil application 
was used. Here, the fixing assembly used had fluorine resin surface layers on both the upper roller and the lower roller, 
and the rollers each had a diameter of 60 mm. The fixing temperature was set at 150°C, and the nip width in 7 mm. 
[0351] Using the image forming apparatus constituted as described above, a 5,000 sheet continuous printing test 

so was made. As a result, high-quality images with high density and free of image stains were obtained. 
[0352] The matching to image forming apparatus was also good. 

Example 21 



[0353] As the image forming apparatus shown in Fig. 7, a 600 dpi laser beam printer LBP-860 (manufactured by 
CANON INC.) was made ready for testing. The printer was modified on the following points and remodeled into an 
apparatus employing the clean ing-at-development system. 

[0354] From the process cartridge, the cleaning rubber blade was detached. The charging system was changed for 



DOC ID: <EP 0962S32A1_I_> 



40 



EP 0 962 832 A1 




the contact charging system in which a rubber roller is brought into contact, and a voltage of a DC component (-1 ,400 
V) was applied, and the process speed was changed to 94 mm/sec. Correspondingly to the process speed made 
higher, conditions are set severer for uniform charging of the photosensitive member 
[0355] The photosensitive drum (1 ) was used as the photosensitive member. 

5 [0356] Next, the developing part of the process cartridge was modified: A medium-resistance rubber roller (diameter: 
16 mm; hardness: ASKER C 45 degrees: resistance: 10 s Q-cm) formed of foamed urethane was used in place of the 
toner carrying member stainless steel sleeve, and was brought into contact with the photosensitive member. The toner 
carrying member was so driven that the movement of its surface was in the same direction as that of the surface of 
the photosensitive member at the former's part coming into contact with the latter and its rotational peripheral speed 

10 was 130% with respect to the rotational peripheral speed of the photosensitive member 

[0357] As a means for coating the toner on the toner carrying member, a toner coating roller was provided in contact 
with the toner carrying member in the developing part. Also, for the purpose of coat layer control of the toner on the 
toner carrying member, a resin-coated blade made of stainless steel was attached. The development bias applied to 
the toner carrying member at the time of development was changed to a DC component (-450 V) only. 

is [0358] The image forming apparatus was so modified and process conditions were so set as to fit such modification 
of the process cartridge. 

[0359] With regard to the charge potential of the photosensitive member, its dark-area potential was set at -800 V, 

and light-area potential at -150 V. Paper of 75 g/m 2 in basis weight was used as transfer mediums. 

[0360] Using the toner (H), character images with a printed area percentage of 4% were continuously printed on 100 

20 sheets in an environment of normal temperature and normal humidity (25°C, 60%RH), and thereafter, images were 
evaluated and any image stains due to faulty charging were examined. As a result, good results were obtained on all 
of image density, prevention of image stains, transfer performance, prevention of fog, and dot reproducibility. The 
quantity (mg) of toner adhering to the charging roller per unit surface area (cm 2 ) was also measured to find that it was 
as very small as 0.01 mg/m 2 . After the evaluation at the initial 100-sheet printing was completed, images were contin- 

25 uously printed on further 2,000 sheets, and images wore again evaluated, whereupon the same imago quality as that 
of initial stage was attained. Also, the photosensitive member and the developing roller were both observed, where 
any melt -adhesion of toner did not occur, and and it was unnecessary to change them for new ones. 
[0361] The results of evaluation are shown in Table 10. 

30 Example 22 

[0362] Evaluation was made in the same manner as in Example 21 except that the process speed was made higher 
to 120 mm/sec. As the result, though slightly inferior to Example 21 because of severer conditions due to a higher 
process speed, good results were obtained on the whole. 

35 

Examples 23 to 25 

[0363] Printing tests were made in the same manner as in Example 21 except for using the toners (L) to (N), respec- 
tively, as the toner. Evaluation was made similarly. The results are shown in Table 10. 

40 

Comparative Examples 6 to 8 

[0364] Printing tests were made in the same manner as in Example 21 except for using the comparative toners (c) 
to (e), respectively, as the toner. Evaluation was made similarly. The results are shown in Tnable 10. 
45 [0365] In Comparative Examples 6 and 7, which made use of toners not satisfying the specific shape of the present 
invention, the toner came to seriously adhere to the charging roller surface with progress of running, and the tests were 
stopped halfway because it was difficult to continue the 2,000-sheet continuous printing tests. 

[0366] The evaluation items stated in Examples 21 to 25 and Comparative Examples 6 to 8 and their evaluation 
criteria are as described below. 

so 

- Printed-lmage Evaluation - 
(1) Image density: 

55 [0367] Evaluated according to the evaluation criteria for the image evaluation in Example 1 . 
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(2) Image stains: 

[0368] A halftone image constituted of one-dot lines and one-dot spaces was printed on plane paper (75 g/m 2 ), where 
evaluation was visually made by examining occurrence of any image stains. 

A: No stain occurs. 

B: Stains are slightly seen. 

C: Stains in fine black spots are seen. 

D: Periodical belt-like stains or vertical-line stains are seen. 



(3) Image blank areas: 

[0369] Evaluated according to the evaluation criteria for the image evaluation in Example 1 . 
is (4) Image fog: 

[0370] Evaluated according to the evaluation criteria for the image evaluation in Example 1 . 
(5) Dot reproducibility: 

[0371] Evaluated according to the evaluation criteria for the image evaluation in Example 11. 
- Charging Roller Toner Adhesion - 



[0372] The quantity of the toner per unit area having adhered to the charging roller per unit surface area was meas- 
ured. The less the quantity of the toner adhering is, the better it is meant to be. 



A: Less than 0.20 mg/cm 2 . 
B: From 0.20 mg/cm 2 to less than 0.35 mg/cm 2 . 
30 C: From 0.35 mg/cm 2 to less than 0.55 mg/cm 2 . 

D: More than 0.55 mg/cm 2 . 

- Evaluation on Matching to Image Forming 

55 Apparatus - 

(1-) Matching to developing roller 

[0373] Evaluated according to the evaluation criteria for the matching evaluation in Example 11 . 
(2) Matching to photosensitive member 

[0374] Evaluated according to the evaluation criteria for the matching evaluation in Example 1 . 
<*5 (3) Matching to fixing assembly: 

[0375] Evaluated according to the evaluation criteria for the matching evaluation in Example 1 . 

so 
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Claims 

1 . A toner comprising toner particles containing at least a binder resin, a wax and a compound represented by Formula 
(A): 



10 



O 

i-o.. 



o ». 



o 



( A ) 



is wherein and R 4 each represent a substituted or unsubstituted aromatic group, inclusive of a condensed ring; 

R 2 and R 3 each represent a hydrogen atom, an alkyl group, a substituted or unsubstituted aromatic group, inclusive 
of acondensed ring; M represents an element selected from B.Ti, Fe, Co : Cr, Aland Ni; and X n+ represents a cation, 
said toner having shape factors SF-1 and SF-2 with a value of 100 < SF-1 < 160 and a value of 100 < SF-2 
<; 140. 

20 

2. The toner according to claim 1 , wherein the shape factor SF-1 is 100 < SF-1 < 150 and the shape factor SF-2 is 
100 < SF-2 < 130. 

3. The toner according to claim 1 , wherein the shape factor SF-1 is 100 < SF-1 £ 140 and the shape factor SF-2 is 
25 100 < SF-2 < 120. 

4. The toner according to claim 1 , wherein the ratio of the shape factor SF-1 to the shape factor SF-2, (SF-2)/(SF- 
1), is in a value of 1 or less. 

30 5. The toner according to claim 1 , which has an average circularity of from 0.920 to 0.995 and a circularity standard 
deviation of less than 0.040 in its circularity frequency distribution as measured with a flow type particle image 
analyzer. 

6. The toner according to claim 1 , which has an average circularity of from 0.950 to 0.995 and a circularity standard 
35 deviation of less than 0.040 in its circularity frequency distribution as measured with a flow type particle image 

analyzer. 

7. The toner according to claim 1 , which has an average circularity of from 0.970 to 0.990 and a circularity standard 
deviation of from 0.015 to less than 0.035 in its circularity frequency distribution as measured with a flow type 

40 particle image analyzer. 

8. The toner according to claim 1, wherein a toner having an average circularity less than 0.950 in its circularity 
frequency distribution is in a content of 15% by number or less. 

45 9. The toner according to claim 1 , which has a weight-average particle diameter of from 4 u.m to 9 um 

10. The toner according to claim 1, which has a coefficient of variation in number distribution, of 30 or less. 

11. The toner according to claim 1, wherein a toner fine powder having particle diameters of 4.00 u,m or smaller in 
50 number distribution is in a content not more than 25% by number. 

12. The toner according to claim 1 , which has a weight-average particle diameter of from 4 um to 9 u.m, has a coefficient 
of variation in number distribution, of 30 or less, and has a toner fine powder having particle diameters of 4.00 u.m 
or smaller in number distribution in a content not more than 25% by number. 

55 

1 3. The toner according to claim 1 , which has a weight-average particle diameter of from 4 um to 9 um, has a coefficient 
of variation in number distribution, of 25 or less, and has a toner fine powder having particle diameters of 4.00 u.m 
or smaller in number distribution in a content not more than 20% by number. 
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14. The toner according to claim 1 , wherein said wax is dispersed in the form of substantially a spherical or spindle- 
shaped island or islands in such a way that, when in cross-sectional observation of toner particles on a t ransmission 
electron microscope (TEM); 

5 (1)1wenty planes of cross sections of toner particles having length R Qim) satisfying the relation of 0.9 < R/ 

D4 £ 1 .1 with respect to weight-average particle diameter D4 (urn) are picked up; and 
(2) each length r of the largest among phase -separated structures ascribable to the wax present in the cross- 
sectional plane of the toner particles thus picked up is measured; 

io the arithmetic mean value of r/R, (r/R)^ thus determined satisfies: 

0.05 £(r/R) st <; 0.95. 
is 15. The toner according to claim 14, wherein the (r/R) sl satisfies: 

0.25 <(r/R) at < 0.90. 

20 16. The toner according to claim 1 , wherein said wax has a maximum endothermic peak at from 50° C to 1 00° C at the 
time of temperature rise, in the DSC curve as measured with a differential scanning calorimeter. 

17. The toner according to claim 1 , wherein said wax is an ester wax having ester compounds satisfying the following 
general formula: 

25 

R r COOR 2 

wherein and R 2 each represent a hydrocarbon group having 15 to 45 carbon atoms. 

30 

18. The toner according to claim 17, wherein said ester wax contains ester compounds having the same number of 
carbon atoms in total, in an amount of from 50% by weight to 95% by weight. 

19. The toner according to claim 1, which contains an inorganic fine powder. 

35 

20. The toner according to claim 1 9, wherein said inorganic fine powder has been treated with silicone oil. 

21. The toner according to claim 1 , which is negatively chargeable. 

40 22. The toner according to claim 1 , wherein said compound represented by Formula (A) is contained in an amount of 
from 0.1 part by weight to 10 parts by weight based on 100 parts by weight of the binder resin. 

23. The toner according to claim 1, wherein said compound represented by Formula (A) is contained in an amount of 
from 0.6 part by weight to 5 parts by weight based on 100 parts by weight of the binder resin. 

45 

24. The toner according to claim 1 , wherein said toner particles are obtained by subjecting a polymerizable monomer 
composition containing a polymerizable monomer, the wax and the compound represented by Formula (A), to 
suspension polymerization in an aqueous medium. 

50 25. The toner according to claim 24, wherein said compound represented by Formula (A) is added in an amount of 
from 0.1 part by weight to 10 parts by weight based on 100 parts by weight of the polymerizable monomer 

26. The toner according to claim 24, wherein the compound represented by Formula (A) is added in an amount of 
from 0.6 part by weight to 5 parts by weight based on 100 parts by weight of the polymerizable monomer. 

55 

27. A process for producing a toner, comprising; 

a granulation step of dispersing in an aqueous medium a polymerizable monomer composition containing at 
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least a polymerizable monomer, a colorant, a wax, a polymerization initiator and a compound represented by 
Formula (A): 



10 



O 

Rl \ /^ _0 ^ 
R» O 



0— X R. 
O 



( A ) 



wherein R, and R 4 each represent a substituted or unsubstituted aromatic group, inclusive of a condensed 
ring; R 2 and R 3 each represent a hydrogen atom, an alkyl group, a substituted or unsubstituted aromatic group, 
is inclusive of a condensed ring; M represents an element selected from B t Ti, Fe, Co, Cr, Al and Ni; and X n+ 

represents a cation, to form particles of the polymer izable monomer composition; and 
a polymerization step of polymerizing the polymerizable monomer present in the particles of the polymerizabte 
monomer composition to form toner particles; 

the reaction to polymerize the polymerizable monomer in the course of from the granulation step to the po- 
20 lymerization step being carried out while keeping the pH of the aqueous medium at 4.5 to 8.5, until the polym- 

erization conversion of the polymerizable monomer comes to be 1 0% or more; and 

the toner having shape factors SF-1 and SF-2 with a value of 1 00 < SF-1 < 1 60 and a value of 1 00 < SF-2 < 1 40. 

28. The process according to claim 27. wherein said reaction to polymerize the polymerizable monomer in the course 
25 of from the granulation step to the polymerization step is carried out while keeping the pH of the aqueous medium 

at 4.5 to 6.0, until the polymerization conversion of the polymerizable monomer comes to be 10% or more. 

29. The process according to claim 27, wherein, after the polymerization conversion of the polymerizable monomer 
is made higher to 10% or more by the reaction to polymerize the polymerizable monomer in the course of from 

30 the granulation step to the polymerization step, the pH of the aqueous medium is adjusted to 9 to 13 to make the 

polymerization conversion still higher. 

30. An image forming method comprising: 

a charging step of applying a voltage to a charging member from the outside to charge an electrostatic latent 
image bearing member; 

a latent image forming step of forming an electrostatic latent image on the electrostatic latent image bearing 
member thus charged; 

a developing step of developing the electrostatic latent image by the use of a toner to from a toner image on 
the electrostatic latent image bearing member; 
a transfer step of transferring the toner image formed on the electrostatic latent image bearing member, to a 
transfer medium with or without intervention of an intermediate transfer member; and . 
a fixing step of heat-fixing the toner image transferred to the transfer medium; 

wherein said toner comprises toner particles containing at least a binder resin, a colorant, a wax and a com- 
45 pound represented by Formula (A): 



35 



40 



SO 



55 



Ri 

r, cr 



o 

tf-o. 



.,:m;: c 

II 
o 



(A) 



wherein R-, and R 4 each represent a substituted or unsubstituted aromatic group, inclusive of a condensed 
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ring; R 2 and R 3 each represent a hydrogen atom, an alky I group, a substituted or unsubstituted aromatic group, 
inclusive of a condensed ring; M represents an element selected from B, Ti, Fe, Co, Cr, Al and Ni; and X"* 
represents a cation, and said toner has shape factors SF-1 and SF-2 with a value of 100 < SF-1 < 160 and a 
value of 100 < SF-2 < 140. 
5 ' ' 

31. The image forming method according to claim 30, wherein, in said developing step, the surface movement speed 
of the toner carrying member at its developing zone is a speed of from 1 .05 to 3.0 times the surface movement 
speed of the electrostatic latent image bearing member. 

10 32. The image forming method according to claim 30, wherein the toner carrying member has a surface roughness 
Ra (urn) of 1 .5 or less. 

33. The image forming method according to claim 30, wherein, in said developing step, the surface movement speed 
of the toner carrying member at its developing zone is a speed of from 1 .05 to 3.0 times the surface movement 

is speed of the electrostatic latent image bearing member, and the toner carrying member has a surface roughness 

Ra (um) of 1 .5 or less. 

34. The image forming method according to claim 30, wherein a ferromagnetic metal blade is provided opposing ly to 
the toner carrying member, leaving a minute gap between them. 

20 

35. The image forming method according to claim 30, wherein a blade comprising an elastic material is brought into 
touch with the toner carrying member. 

36. The image forming method according to claim 30, wherein, in said charging step, the charging member is brought 
25 into contact with the electrostatic latent image bearing member to charge the electrostatic latent image bearing 

member. 

37. The image forming method according to claim 30, wherein, in said transfer step, the electrostatic latent image 
bearing member or intermediate transfer member comes into contact with a transfer assembly with intervention 

30 of the transfer medium. 

38. The image forming method according to claim 30, wherein said fixing step comprises heat-fixing the toner image 
by means of a heat-fixing assembly to which any offset-preventive liquid is not fed or which do not have any fixing 
cleaner. 

35 

39. The image forming method according to claim 30, which has a toner reuse mechanism in which transfer residual 
toner remaining on the electrostatic latent image bearing member after said transfer step is collected by cleaning 
and the toner collected is supplied to a developing means to make the developing means again hold the toner to 
develop the electrostatic latent image formed on the electrostatic latent image bearing member. 

40 

40. The image forming method according to claim 30, wherein, in said developing step, a toner layer formed of the 
toner carried on the surface of the toner carrying member comes into contact with the the surface of the electrostatic 
latent image bearing member to develop the electrostatic latent image. 

*5 41. The image forming method according to claim 40, wherein, in said developing step, transfer residual toner remain- 
ing on the electrostatic latent image bearing member after said transfer step is collected at the time the electrostatic 
latent image is developed. 

42. The image forming method according to claim 30, wherein in said toner the shape factor SF-1 is 1 00 < SF-1 ^ 1 50 
50 and the shape factor SF-2 is 100 < SF-2 < 1 30. 

43. The image forming method according to claim 30, wherein in said toner the shape factor SF-1 is 1 00 < SF-1 < 1 40 
and the shape factor SF-2 is 1 00 < SF-2 ^ 1 20. 

55 44. The image forming method according to claim 30, wherein in said toner the ratio of the shape factor SF-1 to the 
shape factor SF-2, (SF-2)/(SF-1 ), is in a value of 1 or less. 

45. The image forming method according to claim 30, wherein said toner has an average circularity of from 0.920 to 
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0.995 and a circularity-Standard deviation of less than 0.04O in its circularity frequency distribution as measured 
with a flow type particle image analyzer. 

46. The image forming method according to claim 30, wherein said toner has an average circularity of from 0.950 to 
5 0.995 and a circularity standard deviation of less than 0.040 in its circularity frequency distribution as measured 

with a flow type particle image analyzer. 

47. The image forming method according to claim 30, wherein said toner has an average circularity of from 0.970 to 
0.990 and a circularity standard deviation of from 0.01 5 to less than 0.035 in its circularity frequency distribution 

io as measured with a flow type particle image analyzer. 

48. The image forming method according to claim 30, wherein in said toner a toner having an average circularity less 
than 0.950 in its circularity frequency distribution is in a content of 15% by number or less. 

is 49. The image forming method according to claim 30, wherein said toner has a weight-average particle diameter of 
from 4 yxm to 9 urn. 

50. The image forming method according to claim 30, wherein said toner has a coefficient of variation in number 
distribution, of 30 or less. 

20 

51. The image forming method according to claim 30, wherein said toner has a toner fine powder having particle 
diameters of 4.00 urn or smaller in number distribution in a content not more than 25% by number. 

52. The image forming method according to claim 30, wherein said toner has a weight-average particle diameter of 
25 from 4 u.m to 9 jam, has a coefficient of variation in number distribution, of 30 or less, and has a toner fine powder 

having particle diameters of 4.00 um or smaller in number distribution in a content not more than 25% by number. 

53. The image forming method according to claim 30, wherein said toner has a weight-average particle diameter of 
from 4 urn to 9 um, has a coefficient of variation in number distribution, of 25 or less, and has a toner fine powder 

30 having particle diameters of 4.00 um or smaller in number distribution in a content not more than 20% by number 

54. The image forming method according to claim 30, wherein said wax is dispersed in the form of substantially a 
spherical or spindle-shaped island or islands in such a way that, when in cross-sectional observation of toner 
particles on a transmission electron microscope (TEM); 

35 

(1) twenty planes of cross sections of toner particles having length R (um) satisfying the relation of 0.9 <, R/ 
D4 <, 1 . 1 with respect to weight-average particle diameter D4 (um) are picked up; and 

(2) each length r of the largest among phase-separated structures ascribable to the wax present in the cross- 
sectional plane of the toner particles thus picked up is measured; 

the arithmetic mean value of r/R, (r/R) st , thus determined satisfies: 

0.05 <, (r/R) st < 0.95. 

55. The image forming method according to claim 54, wherein the (r/R) st satisfies: 

0.25 <; (r/R) st < 0.90. 

56. The image forming method according to claim 30, wherein said wax has a maximum endothermic peak at from 
50°C to 100°C at the time of temperature rise, in the DSC curve as measured with a differential scanning calorim- 
eter. 

55 57. The image forming method according to claim 30, wherein said wax is an ester wax having ester compounds 
satisfying the following general formula. 
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R^OORg 



wherein Rj and R 2 each represent a hydrocarbon group having 15 to 45 carbon atoms. 

s 

58. The image forming method according to claim 57, wherein said ester wax contains ester compounds having the 
same number of carbon atoms in total, in an amount of from 50% by weight to 95% by weight. 

59. The image forming method according to claim 30, wherein said toner contains an inorganic fine powder. 

10 

60. The image forming method according to claim 59, wherein said inorganic fine powder has been treated with silicone 
oil. 

61. The image forming method according to claim 30, wherein said toner is negatively chargeable. 

75 

62. The image forming method according to claim 30, wherein said toner contains the compound represented by 
Formula (A) in an amount of from 0.1 part by weight to 10 parts by weight based on 100 parts by weight of the 
binder resin. 



20 63. The image forming method according to claim 30, wherein said toner contains the compound represented by 
Formula (A) in an amount of from 0.6 part by weight to 5 parts by weight based on 100 parts by weight of the 
polymerizable monomer. 

64. The image forming method according to claim 30, wherein said toner particles are obtained by subjecting a po- 
25 lymerizable monomer composition containing a polymerizable monomer, the wax and the compound represented 

by Formula (A), to suspension polymerization in an aqueous medium. 

65. The image forming method according to claim 64, wherein said compound represented by Formula (A) is added 
in an amount of from 0.1 part by weight to 10 parts by weight based on 100 parts by weight of the polymerizable 

30 monomer 

66. The image forming method according to claim 64, wherein the compound represented by Formula (A) is added in 
an amount of from 0.6 part by weight to 5 parts by weight based on 100 parts by weight of the polymerizable 
monomer. 

35 
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FIG. 9 
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